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1    1:-    '^ 

PREFACE  TO  THE  FIFTH  EDITION. 


The  progress  of  tte  subject  in  the  last  few  years  having  necessitated 
changes  in  a  number  of  chapters  of  the  textbook,  the  opportunity  has 
been  taken  to  revise  the  whole  thoroughly.  The  amount  and  im- 
portance of  the  researches  published  in  these  years  testifies  to  the  grow- 
ing interest  in  the  action  of  drugs  and  their  application,  and  to  the 
abandonment  of  the  nihilistic  attitude  towards  therapeutics,  which 
was  formerly  so  discouraging.  On  the  experimental  side,  many 
authorities  evince  a  tendency  to  base  the  effects  of  drugs  more  on 
their  physical  characters  and  less  on  their  chemical  combinations  than 
formerly,  and  I  have  attempted  to  present  this  view  as  far  as  it  is 
satisfactorily  established,  while  avoiding  its  adoption  as  the  sole  prin- 
ciple underlying  pharmacological  action.  Important  advances  have 
been  made  in  the  study  of  many  individual  drugs,  such  as  adrenaline 
and  eigotj  permitting  of  a  more  definite  statement  of  their  action.  In 
therapeutics,  new  methods  of  clinical  examination  have  thrown  much 
light  on  the  use  of  several  remedies,  such  as  digitalis ;  and  the  study  of 
trypanosomiasis  and  other  protozoal  infections  has  suggested  new 
points  of  view  in  r^ard  to  the  specific  remedies,  such  as  arsenic  and 
mercury.  Space  has  been  found  for  a  short  chapter  on  the  antitoxins 
and  their  uses,  but  no  attempt  has  been  made  to  follow  the  mazes  of 
theory  in  which  this  subject  has  become  involved.  There  is  a  notable 
ebb  in  the  flood  of  new  remedies  which  threatened  to  submerge 
medicine  in  the  end  of  last  century,  and  the  use  of  many  of  the 
minor  older  remedies  is  also  declining,  so  that  I  have  been  able  to 
curtail  the  discussion  of  many  of  them  and  to  discard  some  altogether. 
The  tendency  of  modem  therapeutics  is  to  abandon  many  of  these 
untrustworthy  or  feeble  remedies  and  to  dep^id  on  those  of  which  the 
efficacy  and  power  are  beycoid  question. 

A.  R.C. 
LoNiKiH,  1910. 
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PEEFACE  TO  THE  FIEST  EDITION. 


The  following  pages  were  written  to  supply  a  want  which  I  have 
felt  keenly  in  teaching  the  subject  of  pharmacology  to  students  who 
liave  completed  the  purely  scientific  brancheg  of  medicine  and  are  he- 
ginning  their  clinical  studies.  My  object  has  been  to  bridge  over  the 
hiatus  which  exiEts  between  the  phenomena  occurring  in  the  normal 
organism  and  those  which  are  elicited  in  the  therapeutic  use  of  drugs, 
to  show  how  far  the  clinical  effects  of  remedies  may  be  explained  by 
their  action  on  the  normal  body,  and  how  these  may  in  turn  be  cor- 
related with  physiolt^cal  phenomena.  It  necessarily  follows  that  the 
subject  is  treated  frdm  the  experimental  standpoint,  and  that  the  re- 
sults of  the  laboratory  investigator  are  made  the  basis  of  almost  every 
statement.  Where  these  fail  to  elucidate  the  therapeutic  effects  or 
eren  to  suggest  a  possible  explanation,  I  have  preferred  to  leave  the 
question  undiscussed  rather  than  to  call  on  such  occult  dei  ex  machiim 
as  alterative  or  tonic  actions. 

Two  great  difficulties  present  themselves  at  the  outset  to  the  writer 
on  pharmacology  who  is  not  satisfied  to  take  his  statements  at  second 
hand,  or  to  formulate  explanations  from  his  unaided  inner  conscious- 
ness; these  are  the  overwhelming  literature  on  the  subject,  and  the 
wide  limits  of  the  field  of  study.  As  regards  the  first,  I  have  read,  as 
far  aa  was  in  my  power,  the  original  papers  of  importance,  and  in 
order  to  facilitate  the  work  of  others  who  may  wish  to  follow  this,  the 
only  satisfactory  method  of  study,  have  appended  a  bibilt^aphy  to 
each  chapter.  It  was  impossible  within  the  limits  of  a  textbook  to 
make  this  complete,  or  even  to  enumerate  more  than  a  few  of  the 
works  consulted,  and  I  have  accordingly  selected  those  which  ap- 
peared most  important,  and  those  which  were  furnished  with  the  most 
complete  bibliography. 

As  regards  the  scope  of  the  work,  I  have  attempted  to  give  the 
present  standpoint  of  knowledge  of  such  bodies  as  are  of  therapeiutc 
or  toxicological  interest,  and  also  of  those  which,  possessing  in  them- 
selves no  immediate  interest  in  practical  medicine,  have  thrown  im- 
portant light  on  biolc^cal  problems,  and  are  accordingly  likely  to  be 
referred  to  inscientific  literature. 
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Unfortanately,  a  writer  on  this  subject  cannot  as  yet  restrict  bis  at- 
tention to  tbese  classes,  but  must  refer  at  more  or  less  length  to  manr 
drugs  which  poesese  little  interest  either  from  a  therapeutic  or  a  scien- 
tific point  of  view.  It  is  true  that  the  more  advanced  teachers  of 
medicine  have  very  properly  abbreviated  their  lists  of  remedies,  until 
those  generally  employed  may  be  enumerated  in  units  where  they  were 
once  counted  in  scores,  but  the  student  on  going  into  practic«  meets 
niunbers  of  drugs  preriously  unknown  to  him,  and  not  appreciating 
that  these  have  already  been  tried  and  discarded  by  his  teachers,  is 
tempted  to  fall  into  the  slough  of  unreasoning  empiricism.  There  is 
still  a  tendency  even  among  the  educated  to  ascribe  therapeutic  virtues 
to  every  new  weed  and  every  new  product  of  chemical  industry,  and 
the  teacher  of  pharmacology  must  not  only  point  out  the  good,  but  has 
the  more  ungrateful  task  of  condemning  the  worthless.  The  period  of 
constructive  pharmacology  has  scarcely  dawned;  at  present  its  chief 
function  is  destructive  and  critical. 

In  dealing  with  each  drug,  I  have  attempted  to  unify  the  whole  ac- 
tion by  using  the  most  distinctive  feature  as  a  centre  around  which  to 
group  the  less  important  symptoms.  Where,  as  is  often  the  case, 
there  is  a  divergence  of  views  among  authorities,  I  have  generally  pre- 
sented only  one  side  of  the  question,  e^tcept  in  very  important  subjects. 
This  dc^^atic  method  has  of  course  its  drawbacks,  but  is,  I  think, 
preferable  to  .involving  the  student  in  a  labyrinth  of  arguments  and 
counter-arguments,  the  respective  weight  of  which  he  i»  quite  unable 
to  estimate. 

The  preparations  enumerated  are  those  included  in  the  United 
States  and  the  British  Pharmacopceias,  and  such  others  as  seamed  of 

(sufficient  importance.  I  have  attempted  to  indicate  by  special  type 
(small  capitals)  thdae  that  are  more  generally  used. 

Some  explanation  may  seem  necessary  for  the  introduction  of  the 
word  "  therapeutics "  in  the  title,  in  view  of  the  fact  that  pharma- 
cology is  stated  in  the  introduction  to  embVace  all  that  part  of  thera- 
peutics which  can  be  treated  of  apart  from  clinical  lectures.  This 
definition  is  not  universally  used,  however,  and  it  has  been  felt  ad- 
visable to  indicate  more  distinctly  the  scope  of  the  work  by  adding  the 
more  familiar  term. 

To  thoee  acquainted  with  the  Qrundriss  der  ATzneimittellehre  of 
Schmiedeberg,  it  is  unnecessary  to  state  that  this  volume  has  been 
largely  inspired  by  that  classical  work.  Some  chapters  may  in  fact 
be  regarded  as  merely  expansions  of  those  issued  from  the  Strassburg 
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laboratory,  bnt  this  must  necessarily  be  the  case  in  any  work  which 
pretends  to  treat  the  subject  from  the  experimental  standpoint.  The 
use  of  such  a  model  naturally  exposes  the  writer  to  the  criticism  that 
he  has  fallen  short  of  the  ori^nal  standard,  especially  when  such 
diverf^nces  are  made  from  it  as  occur  in  this  work.  But  if  I  have 
departed  from  the  letter  in  some  respects,  I  hope  that  at  least  the  spirit 
of  the  Orundriss  has  been  preserved  in  these  pages.  I  must  acknowl- 
edge my  indebtedness  for  references  to  papers  which  might  have 
otherwise  escaped  my  notice  to  the  following  textbooks:  Kobert's 
Lehrfmch  der  Inioxieationen,  Xewin's  Nebenwirkungen  der  Arznei- 
mittel,  Husemann's  Pflanzenatoffe,  Harnack's  Arzmimittellekre,  H. 
C.  Wood's  Therapeutics,  its  Pnnciples  and  Practices  and  Stokvis'' 
Lemons  de  Pharmacotherapie. 

Finally,  I  have  much  pleasiire  in  acknowledging  the  assistance  of 
my  colleagues  in  the  preparation  of  this  work,  particularly  that  of 
Professor  Huber,  who  furnished  several  of  the  illustrations.  Dr.  Q. 
B.  Wallace  has  put  me  under  lasting  obligations  through  the  patience 
and  cftre  which  he  has  bestowed  on  the  tedious  task  of  proof-correc- 
tion, and  I  most  thank  Dr.  W.  Mogk  also  for  his  assistance  in  this 
part  of  the  work. 
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A  TEXT  BOOK  OF  PHAEMACOLOGY. 


INTRODUCTION. 

Fhabmaoologt  is  the  study  of  the  changea  induced  in  living  organ- 
isms by  the  administration  in  a  state  of  minute  division  of  such  un- 
oi^anized  substances  as  do  not  act  merely  as  foods.  Many  of  the  best 
known  of  these  substances  are  used  to  counteract  the  efiects  of  disease, 
or  to  reinforce  the  tissues  in  their  atniggle  to  maintain  their  functions, 
when  these  are  rendered  abnormal.  These  substances  are  known  as 
(irugg,  and  the  art  of  applying  drugs  in  disease  is  TAerajjeuiic*.  Other 
substances  are  of  little  or  no  value  in  disease,  but  are  of  importance 
because  they  act  as  poisons,  that  is,  cause  dangerous  or  fatal  symptoms 
in  man  or  animals,  when  they  are  ingested  in  quantity.  The  practical 
study  of  the  effects  of  these  poisons  in  man — the  diagnosis  and  the 
treatment  of  poisoning,  and  the  methods  of  detecting  the  poison — is 
termed  Toxicology,  £ut  the  explanation  of  the  symptoms  induced 
by  chemical  substances,  and  their  study,  as  apart  from  their  practical 
applications,  belong  to  the  field  of  pharmacology,  which  includes  not 
only  the  effects  of  drugs  and  poisons,  but  those  of  any  substance  which 
induces  changes  in  the  living  organism,  whether  those  changes  are  of 
benefit  to  it,  injurious,  or  indifferent.^ 

The  substances  must,  of  course,  conform  to  the  requirements  of  the  defini- 
tion. Thus,  a  needle  introduced  into  the  tissues  induces  effects  which  ore 
oatside  the  field  of  phannacological  investigation,  because  it  is  not  in  a  state 
of  minute  division.  But  the  iron  of  the  needle  ma;  be  reduced  to  a  fine 
powder  and  induce  changes  in  the  body  which  are  then  the  legitimate  subject 
of  research.  Similarly  the  drug  must  be  introduced  from  without,  for  many 
active  agents  are  formed  within  the  body,  but  their  study  belongs  rather  to 
the  departments  of  physioli^y  and  pathology;  and  the  elFects  of  organized 
bodies  introduced  from  without  are  now  studied  under  bacteriology.  Phar- 
macology is  really  a  department  of  biology,  very  closely  related  to  the  other 
sciences  included  by  that  tenn.  Thus,  as  physiology  is  the  study  of  the  lifet 
of  the  normal  organism,  pharmacology  is  the  study  of  the  organism  rendered  I 
abnormal  by  drugs,  while  in  pathology  the  phenomena  of  life  under  disease  r 
are  examined.  All  three  subjects  may  be  pursued  without  reference  to  the 
practical  needs  of  medicine,  and  all  three  are  closely  interconnected  and 
mutaaUy  dependent,  for,  in  many  instances,  the  normal  condition  of  an 
organ  can  be  recognized  only  by  considering  the  results  of  its  destruction 
by  disease  (pathology),  or  of  its  paralysis  or  stimulation  by  chemical  agents 
(phaTmacol(%7).     SimUarly,  many  of  the  features  of  disease  are  now  rec- 

'  It  Is  quite  impoarible  to  distinguish  between  drugs  and  poiaona.  Almost  all 
remedies  (^ven  in  ezeen  cause  ^ngerous  or  fatal  symptoms,  while  many  poiaona 
an  Tslnable  remedies  in  imaU  doses.  Some  bodies  may  In  fact  be  remedies,  foods, 
or  poiaona  aeeor^ng  to  the  quantity  ingested  and  the  method  of  application. 
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ognized  to  be  dne  to  the  presence  of  anoi^iiiEed  poisons  formed  in  and  by 
the  tissues,  and  it  aceordinglj'  becomes  difficult  to  accurately  define  the  limita 
of  pathology  and  pharmacology. 

Even  when  these  limitations  are  accepted,  pharmacology  has  an 
enormous  field  to  cover,  and  one  which  hiaa  heen  only  very  partially 
explored  at  the  present  day,  in  spite  of  the  unremitting  industry  of 
many  investigators.  But  a  small  part  of  the  subject  has  bean  suffi- 
ciently developed  to  admit  of  text-book  treatment,  that  namely,  which 
is  concerned  with  drugs  used  in  therapeutics  and  with  the  commoner 
poisouB.  The  slow  advance  of  pharmacology  ia  partly  due  to  its  posi- 
tion midway  between  the  biological  sciences  and  practical  therapeutics, 
for  while  the  biologist  confounds  it  with  clinical  study,  the  clinician 
regards  it  as  an  experimental  science.  Its  relation  to  biology  has 
already  been  mentioned  and  its  relation  to  practical  therapeutics  is  no 
less  close,  for  the  effects  of  drugs  in  disease  are  as  much  a  part  of 
pharmacology  as  ia  their  action  in  the  normal  organism.  The  aims 
of  the  pharmacolc^st  and  the  clinician  are  not  identical,  however. 
The  former  seeks  to  solve  the  problem  how  the  drug  acts  in  a  given 
case,  while  the  primary  object  of  the  latter  is  to  remedy  the  condition 
by  any  means  lA  bis  power.  Thus,  in  a  case  of  heart  weakness,  the 
clinician  prescribes  some  remedy  which  he  has  found  of  benefit  in 
other  similar  cases,  and  regards  only  as  of  secondary  interest  the 
question  which  to  the  pharmacologist  is  the  absorbing  one,  namely, 
whether  the  drug  acts  on  the  heart  directly  or  through  some  other 
oi^an.  Of  course  the  results  are  of  mutual  advantage,  for  the  physi- 
cian supplies  the  experimental  investigator  with  new  facts  and  with 
new  fields  of  inquiry,  while  the  latter  may  indicate  more  exactly  the 
conditions  in  which  the  drug  is  likely  to  be  of  benefit  in  the  future 
by  defining  the  method  in  which  it  acts.  It  is,  therefore,  much  to 
be  regretted  that  differences  of  opinion  so  often  arise  between  these 
two  classes  of  observers,  for  these  can  only  retard  the  progress  of  both 
the  science  and  the  practical  art.  Doubtless  there  are  often  faults  on 
both  sides.  The  scientist  sometimes  insists  too  strongly  on  inductions 
drawn  from  a  limited  number  of  animal  experiments,  and  refuses  to 
admit  results  which  have  been  obtained  in  thousands  of  cases  of  dis- 
ease by  competent  observers.  On  the  other  hand,  the  therapeutist 
often  lays  too  little  weight  on  the  general  principles  governing  the 
interaction  of  the  drug  and  the  organism.  Both  often  exceed  the 
limits  of  their  provinces,  the  scientist  in  refusing  to  admit  effects  of 
which  he  has  perforce  but  a  small  experience,  the  clinician  in  attempt- 
ing to  refute  deductions  founded  on  experiments  which  he  has  no 
opportunity  of  performing.  An  example  may  render  the  relation  of 
these  allied  subjects  clearer,  and  one  has  been  recently  offered  in  the 
discussion  regarding  the  effects  of  iron.  This  metal  has  been  used 
for  many  years  in  a  form  of  ansemia,  and  its  curative  properties  are 
attested  by  many  thousands  of  cases  and  by  whole  generations  of  prac- 
tical physicians.  A  pharmacologist,  therefore,  exceeds  his  province 
when  he  expresses  doubt  r^arding  this  clinical  fact  simply  because 
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he  18  unable  ttf  explain  it,  but  lie  is  witkin  his  rights  in  discussing 
the  means  by  ■which  ifon  acts  as  a  Temedy.  The  clinician,  on  the 
other  hand,  enters  on  a  -phannacologieal  question  when  he  attempts 
to  determine  whether  iron  acts  by  absorption  or  by  its  preaenee  in  th^ 
bowel,  and  must  base  hia  arguments  on  scientific  experiment  and  not 
on  his  clinical  experience  of  the  carative  effects  of  the  metal.  -  Fortn- 
nately  for  the  prepress  of  medicine  and  pharmacology,  the- scientific 
clinician  is  imbued  with  the,desire  to  ascertain  the  methods  in  which 
drugs  act  aS'well  as  to  cure  disease,  and  thus  unites  clinical- observa- 
tion with  pharmacol(^cal  research.  It  is  to  be  anticipated  that  the 
results  of  the  practical  physician  and  of  the  experimental  investigator 
will  come  into  more  complete  accord  as  more  exact  methods  of  clinical 
research  are  used  by  the  former,  and  a  wider  laboratory  experience 
is  attained  by  the  latter.  But  both  mettods  are  necessary  to  the  com-' 
plete  knowledge  of  the  action  of  a  drug.  Animal  experiment  cannot 
he  dispensed  with,  for  only  thus  can  the  action  of  drugs  be  ascertained 
in  detail  and  expeditiously,  and  at  the  pres(>nt  time,  when  a  new 
remedy  appears  almost  every  we^,  it  is  impossible  to  await  the  ver-' 
diet  of  the  clinics  to  separate  the  useful  from  the  worthless,  even  if  it 
were  permissible  to  apply  to  the  human  subject  drugs  of  unknovD 
action  and  potency. 

Pharmacol(^  is  one  of  the  most  recent  developments  of  medical  and 
biological  science.     It  is  true  that  from  the  earliest  times  attempts 
have  been  made  to  explain  the  effects  of  drugs  on  the  then  prevailing 
theories  of  pathology,  but  the  objective  study  of  the  action  of  drugs  on 
the  oi^anism  has  been  a  development  of  the  nineteenth  century,  or  it 
might  almost  be  said,of  the  second  half  of  it.     During  this  period  the 
same  methods  of  research  have  been  adopted  as  had  earlier  proved  so 
froitful  in  physiology  and  pathology,  and  with  equally  happy  results. 
The  study  of  drugs  was  termed  Materia  Medica  up  to  this  time,  and  | 
comprised  an  examination  of  their  botanical  and  chemical  properties   1 
along  with  some  account  of  the  diseases  in  which  they  had  proved  of   1 
value.     This  descriptive  rather  than  experimental  study  has  been  con-    I 
tinned  under  the  name  of  Pharmacognosy,  but  is  now  pursued  by  I 
pharmacists  chiefly.     Undoubtedly  the  student  of  medicine  ought  to 
know  those  characters  of  drugs  which  are  of  importance  as  modifying 
their  action  and  application,  but  it  is  undesirable  that  his  valuable 
time  should  be  occupied  in  the  detailed  description  of  crude  sub- 
stances, whitdi  he  may  probably  never  have  an  opportunity  of  seeing 
in  his  future  practice. 

Another  subject  which  now  occupies  a  much  less  prominent  position  I 
in  medical  study  than  formerly,  is  Phsxsui£y<  or  the  art  of  preparing  \ 
dmgs  for  therapeutic  use.  Some  general  knowledge  of  the  methods 
used  is  no  doubt  indispensable  to  the  educated  physician,  but  the 
details  may  be  left  to  the  pharmacist.  Pharmacy  will  probably 
oanipy  a  still  more  subordinate  position  in  medical  education  as  the 
tendency  to  include  only  one  or  two  drugs  in  a  presftription  beconae^ 
more  widespread.     As  long  as  a  dozen  or  more  components  went  to 
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make  one  mixture,  it  was  of  importance  to  know  their  solubility  and 
their  interactions,  but  with  the  decay  of  the  complex  prescription 
the  study  of  pharmacy  by  medical  students  has  certainly  become  less 
imperative. 

MODE  or  AOTXOH  OF  DBUaa    STWULATION,  DEPBESSIOH  AITO 
IBBITATIOH. 

A  number  of  drugs  affect  the  orgauiam  only  throu^  their  obvious 

i  physical  properties,  as  when  an  inert  oily  body  is  applied  to  an 
abraded  surface  and  promotes  its  healing  by  protecting  it  from  irrita- 
tion and  from  the  evaporation  of  fluid,  or  when  common  salt  absorbed 
into  the  blood  changes  its  osmotic  tension,  and  thus  alters  the  distri- 
bution of  fluids  in  the  tissues.  On  the  other  hand,  many  effects  are 
due  to  simple  chemical  reactions ;  for  instance,  bicarbonate  of  potaa- 

isium  may  be  used  to  neutralize  the  hydrochloric  acid  of  the  gastric 
juice,  just  as  it  combines  with  acid  in  a  test-tube,  and  many  of  the 
effects  of  oxalates  arise  from  their  forming  insoluble  salts  with  the 
calcium  of  the  tissues.  In  the  great  majority  of  drug  actions,  how- 
ever, no  such  simple  relations  obtain,  and  it  is  still  a  question  whether 
I  definite  chemical  combinations  occur  with  the  living  tissues  orwhether 
the  effects  arise  from  the  formation  of  such  loose  connections  with  the 
protoplasm  as  have  been  termed  "  adsorption  compounda  " ;  an  illus- 
tration of  these  is  offered  in  the  combination  of  dyes  and  fibres.  In 
'recent  years  these  adsorption  phenomena  and  others  in  the  borderland 
of  physics  and  chemistry  have  received  much  attention,  and  the  appli- 
cation of  the  results  of  these  investigations  to  pharmacology  has  proved 
of  great  value  already  and  promises  to  elucidate  in  the  future  many 
problems  which  have  hitherto  been  unapproachable.  Examples  of 
such  applications  will  be  met  in  the  Meyer-Overton  theory  of  narcosis 
and  in  the  chapters  on  salt  action.  The  tendency  of  study  in  this 
direction  is  to  reduce  the  class  of  reactions  which  have  hitherto  been 
ascribed  to  special  chemical  affinity  between  drugs  and  protoplasm, 
and  to  attribute  many  of  the  changes  induced  by  drugs  to  the  physical 
structure  of  the  living  cell  rather  than  to  its  chemical  constitution. 

Unless  a  drug  can  penetrate  into  a  living  cell,  it  can  only  influence 
it  by  altering  the  rate  of  exchange  of  water  and  other  permeating  sub- 
stances between  the  cell  and  the  surrounding  fluid,  and  the  degree  of 
alteration  depends  on  the  concentration  of  the  drug  (see  salt  action). 
If,  on  the  other  hand,  it  can  penetrate  the  cell,  its  effect  is  determined 
by  the  amount  of  the  drug  with  which  the  cell  comes  in  contact,  that 
is,  again,  with  the  concentration  relative  to  the  cell  mass.  Thus  it 
has  been  shown  that  a  very  dilute  solution  of  mercury  salts  may  prove 
poisonous  to  a  few  bacteria  because  the  metal  accumulates  in  them, 
while  if  more  bacteria  are  present  in  the  solution  it  may  he  harmless 
to  them  because  it  is  distributed  through  a  larger  amount  of  living 
matter.  As  the  accumulation  proceeds,  the  action  becomes  more 
intense,  and  from  this  it  may  be  inferred  that  the  cell  contents  com- 
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bine  with  tlie  poison  either  chemically  or  by  adsorption  am  that  the  11 
pn^resBive  toxic  action  is  due  to  the  normal  constituents  of  the  cell   II 
becoming  less  in  amount,  while  the  altered  contents  increase.     In  ' 
■  short,  the  action  !b  precisely  similar  to  that  occurring  between  two 
chemicals  in  solution  in  the  test-tube  or  to  the  coloration  of  a  fibre  by 
a  dye.     In  some  instances,  however,  Straub  states  that  the  action 
does  not  progress  with  the  amount  of  poison  in  the  interior  of  the 
cell,  but  with  the  rate  of  permeation.     Thus  he  found  that  a  cell  • 
exposed  to  certain  poisons  was  affected  as  they  permeated  into  it,  but  I 
recoTered  as  soon  as  the  actual  movement  of  the  molecules  into  the  I 
cell  ceased,  although  it  now  contained  much  more  of  the  poison  than  | 
was  present  at  the  time  at  which  the  action  was  marked. 

Different  cells  absorb  different  poisons  and  this  explains  in  part  | 
why  drags  act  on  one  organ  and  not  on  another;  for  example,  why  1 
strychnine  acts  on  the  spinal  cord  and  not  on  the  heart.  But  even  I 
when  a  poison  penetrates  into  a  cell  it  may  not  injure  it  although  I 
other  cells  are  immediately  destroyed  by  it.  There  are  thus  other 
factors  in  the  action  of  drugs  besides  those  that  determine  penetra- 
tion, and  of  these  nothing  is  known  at  present. 

When  a  cell  is  affected  by  a  poison,  the  extent  of  its  activity  is 
changed  but  not  the  kind.  The  reflex  movements  may  be  augmented 
under  strychnine  or  may  be  lessened  under  chloral,  but  tbey  remain 
reflex  and  cannot  under  any  circumstances  partake  of  the  nature  of 
voluntary  movements.  In  other  words,  the  effects  of  drugs  are  quan-  •. 
titative,  not  qualitative,  the  activity  of  living  matter  may  be  changed,  ll 


but  the  form  which  the  activity  assumes  is  unchangeable. 

Drugs  which  increase  the  activity  of  any  organ  or  function  are  said  f 
toaf™utofa  it,  while  those  which  lessen  the  activity  are  said  to  depresal 
it.     AnotGer  condition  induced  by  drugs  is  irritation,  for  although  this 
term  is  often  applied  loosely  as  a  synonym  for  stimulation,  the  two 
conditions  are  not  identical.     Stimulation  is  properly  used  to  indicate  . 
an  increase  in  the  specialized  function  of  a  cell,  producing,  for  instance,  1 
in  the  spinal  cord  an  increase  in  the  reflex  excitability.     Irritation,  1 
on  the  other  band,  is  used  rather  in  reference  to  the  changed TB  Llie  I 
conditions  common  to  all  forms  of  living  matter,  that  is,  it  indicates  a  I 
change  in  the  nutrition  and  growth  of  the  cell,  rather  than  in  the  • 
specialized  functions.     Irritation  may  thus  be  induced  in  all  kinds  j 
of  tissues  and  is  the  commonest  change  caused  by  drugs  in  the  less  i 
differentiated  forms,  such  as  the  connective  tissues  and  ordinary  | 
epithelia ;  while  stimulation  is  met  with  in  the  more  highly  specialized  I 
cells,  such  as  those  of  the  heart,  nervous  system,  or  secretory  glands.  I 
In  many  instances  the  irritant  action  of  drugs  may  be  explained  by 
their  known  reactions  with  the  proteids  of  the  cell ;  for  example,  sub- 
Btancea  which  dissolve  proteids,  or  precipitate  them,  or  withdraw  fluid 
from  them,  all  tend  to  cause  irritation  when  tbey  are  applied  to  living 
tissues.     In  other  cases  irritation  appears  to  be  induced  through  some 
chemical  action  the  nature  of  which  is  quite  unknown. 
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'  "When  stimnlation  is  prolonged  or  excessive,  the  ^rotoplfisln'  gen^ 
aij  becomes  depressed  and  fiiaally  loses  its  activity  entirely  (para- 
lysis). Some  authorities  have  asserted  that  depressidn  isinvariably 
preceded  by  stimulation,  and  that  stimulation  su£Scieutly  prolonged 
invariably  lead^  to  depression  and  paralysis.  Both  statemesta  are  too 
absolute,  although  they  ^e  true  in  the  great  majority  of  cases.  For 
example,  the  action  of  atropine  on  the  terminations  of  the  cardiac 
inhibitory  nerves  is  purely  depressant.  Even  the  most  minute  quan- 
tities of  this  alkaloid  never  increase  the  activity  of  these  terminations, 
for  if  a  quantity  too  small  to  paralyze  them  is  ingested,  it  has  appar- 
ently no  effects  whatever,  and  as  the  dose  is  inoreaeed,  the  first  effect 
is  paralysis. 

Depression,  whether  induced  directly,  or  following  on  stimulation, 
has  .been  shown  in  several  instances  to  resemble  the  fatigue  induced 
|l)y  the  prolonged  exercise  of  the  normal  organ,  and  it  is  probably  true 
that  depression  and  fatigue  are,  in  all  instances,  identical,  in  appear- 
ance, although  not  necessarily  identical  in  cause.  For  example,  the 
phenomena. of  fatigue  of  the  terminations  of  thq  motor  nerves  in 
muscle  resemble  exactly  those  induced  by  curara,  but  in  the  former 
the  cause  may  be  that  the  conducting  substance  of  the  nerve  ends  has 
been  used  up  .by,the  repeated  passage  of  impulses,  while  in  the  latter 
the  conducting  substance  is  so  changed  that  it  becomes  incapable  of 
transmitting  stimuli  to  the  muscles.  .  The  final  result  is,  of  course, 
the  same ;  there  being  no  available  conducting  substance,  impulses 
fail  to  reach  the  muscle.  But  the  fatigued  terminations  rapidly 
recover,  as  conducting  substance  is  reformed,-  while  the  curarized 
recover  only  when  the  poison  is  eliminated. 

In  most  eases  an  PTi-naaigo  Af)^  of  a  stimulating  poison  leads  to 
depression  and  paralysis.  The  cell  becomes  functionally  dead,  but  if 
]the  failure  of  its  function  does  not  involve  the  death  of  the  organism, 
it  may  Tecover  and  reassume  its  ordinary  -function  as  if  no  stage  of 
inactivity  had  inter\-ened.  Excessive  irritytinn.  on  the  other  hand, 
leads  to  actual  death  and  disintegration,  fi-bm  which  there  is  no 
^  ^recovery.  For  example,  the  cells  of  the  spinal  cord  are  first  stimu- 
lated, and  later  paralyzed  by  a  large  dose  of  strychnine,  but  this  is  not 
fatal  to  cold-blooded  animals,  and  after  a  few  days  the  spinal  cord 
regains  its  normal  function,  as  the  poison  is  eliminated.  On  theother 
hand,  the  injection  of  an  irritant  into  the  subcutaneous  tissues  causes 
dilatation  of  the  vessels,  effusion  of  fluid,  and  increased  growth  and 
^pid  division  of  the  cella.  If  only  a  small  quantity  he  injected,  this 
condition  is  recovered  from,  although  it  generally  leaves  evidence  of 
its  presence  in  the  form  of  an  increase  in  the  fibrous  tissue.  But  if 
the  irritation  be  intense,  the  cells  undergo  degeneration  and  die,  and 
ka  abscess  is  formed.  The  cells  thus  destroyed  can  never  recover  as 
the  paralyzed  ones  do.  TJiey  are  either  absorbed,  or  removed  by  the 
opening  of  the  absoeas,  and  their  room  is  filled  by  the  overgrowth  of 
the  neighboring -tissues. 
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ELECTIVE  ATFIHITT  OF  DBUOS.    FBOTOPLASH  POISONS. 

'     Most  drugs  havo  an  elective  affinity  for  certain  definite  tissues.  I 
Thus,  some  attack  the  heart  only,  others  the  central  nervous  system 
and  others  the  terminationa  of  the  motor  nerves  in  muscle.     Among 
the  cardiac  poisons  again,  some  act  on  the  ventricle,  others  on  th6 
auricle,  and  among  the  poisons  of  the  central  nervous  system,  some  act 
primarily  on  the  cortex,  others  on  the  medulla  ohlongata  and  others 
on  the  spinal  cord.     This  elective  affinity  is  not  merely  a  question  of  I 
degree,  as  is  sometimes  stated,  for  a  drug  which  has  a  powerful  action  | 
on  the  brain  may  have  no  effect  on  the  heart  except  when  administered  \ 
in  such  quantities  as  alter  the  physical  characters  of  the  blood.     A 
drug  may  even  alter  different  structures  in  diametrically  opposite 
directions.     Thus,  atropine  depresses  certain  nerve  terminations,  but 
stimulates  the  brain,  and  curara,  which  paralyzes  the  peripheral  ter- 
minations of  the  motor  nerves,  stimulates  the  spinal  cord.     In  some 
instances  the  immunity  of  a  cell  to  the  action  of  a  drug  may  perhaps 
be  explained  by  the  latter  failing  to  penetrate  into  its  interior,  but 
this  is  not  true  in  all  cases. 

Thefieldsof  activity  of  different  drugs  vary  greatly  in  extent.  One 
may  comprise  only  the  terminations  of  the  secretory  fibres  in  the  sweat 
glands  (agaricin),  while  another,  which  affects  these  in  the  same  way, 
may  involve  many  other  terminations  in  its  action  (atropine).  Host 
poisons,  however,  while  acting  on  a  certain  narrow  area  in  small  doses, 
extend  the  limits  of  their  activity  when  larger  quantities  are  ingested. 
Thua,  a  poison  which  acts  in  small  doaes  on  the  medulla  oblongata 
only,  may,  when  exhibited  in  larger  quantities,  involve  the  spinal  cord 
and  the  brain,  and  in  still  greater  concentration  may  affect  the  heart 
and  other  oi^ans.  No  poison  is  known  that  acts  equally  on  all  organsl 
and  tissues,  but  those  which  have  a  wide  field  of  operation  are  often! 
known  as  protoplasm  poisons.  These  paralyze  any  form  of  living  i 
matter  when  they  are  brought  in  contact  with  it  in  sufficient  quantity,  1 
but  if  they  are  injected  into  the  blood  and  thus  distributed  equally  j 
throughout  the  body,  they  invariably  select  some  special  organ  as  the  | 
chief  seat  of  their  activity.  This  is  exactly  parallel  to  the  behavior 
of  chemical  agents  in  the  laboratory.  For  example,  acetate  of  lead 
added  to  a  solution  of  a  chlotide,  or  of  a  sulphate,  precipitates  it,  hut 
added  to  a  mixture  of  the  two,  throws  ddwn  more  of  the  sulphate 
than  of  the  chloride.  !Ritrate  of  silver,  on  the  other  hand,  precipitates 
the  chloride  only.  Acetate  of  lead  may  be  compared  to  the  proto- 
plasm poisons,  nitrate  of  silver  to  those  with  a  less  extensive  field  of 
action.  -As  protoplasm  poisons  affect  a  large  number  of  different 
forms  of  living  matter  it  follows  that  they  alter  the  nutrition  rather 
than  specialized  fimctions.  Hany  of  them  cause  irritation ;  others  are 
naed  to  destroy  or  retard  the  growth  of  microbes  and  are  known  as 
disinfectants  or  antis^tics. 
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REMOTE,  LOCAL,  AND  GENERAL  ACTION. 

Drugs  change  directly  only  those  oi^aua  and  tissues  with  which  they 
come  into  immediate  contact.  But  the  alteration  of  one  part  of  the 
organism  very  often  entails  that  of  another  to  which  the  drug  may  not 
have  access,  or  for  which  it  has  no  special  affinity,  hecause  impulses 
are  transmitted  through  the  nerves,  or  changes  are  induced  in  the  cii^ 
culation  and  nutrition.  Thus  irritation  of  the  akin  may  alter  the  rate 
of  the  pulse  by  impressions  being  transmitted  by  the  cutaneous  nerves 
and  r^ected  along  the  inhibitory  nerves  of  the  heart.  Similarly  a 
poison  that  weakens  the  heart  may  induce  disorder  of  the  respiration, 
from  the  circulation  being  deficient  in  the  medulla  oblongata;  and  . 
depression  of  the  brain  may  lessen  the  oxidation  in  the  muscles, 
because  it  leads  to  lessened  movement.  These  secondary  changes, 
which  are  not  due  to  the  direct  action  of  the  drug  on  the  organs  con- 
cerned, are  known  as  remote  or  indirect  effects. 

The  Jgggf  action  of  a  drug  is  that  induced  at  the  point  of  application 
bflfor^  ]t  ftntera  the  circulation,  the  aev^r^l  or  avstenuc  action  is  that 
rfiift  to  itji  ftlBfttivy  amnitY  for  certain  organs  to  which  it  is  carried  by 
thejjlijpd!  The  local  etfects  are  very  otteil  entirely  different  in  nature 
from  the  general  action,  for  a  drug  may  act  as  an  irritant  at  the  point 
of  application  and  as  a  depressant  to  the  brain  when  it  is  carried  to  it 
in  the  blood.  Local  effects  may  be  induced  wherever  the  drug  can  be 
applied — in  the  skin,  the  alimentary  tract,  the  respiratory  passages, 
and  the  other  mucous  membranes.  They  also  occur  iu  the  subcu- 
taneous tissues  when  the  poison  is  injected  hypodermically,8nd  in  any 
of  the  deeper  organs  and  tissues  which  can  be  reached  by  the  needle  of 
the  syringe.  Local  remedies  may  cause  irritation,  or  may  protect  the 
surface  from  irritation,  may  depress  the  sensory  end-organs  and  cause 
local  amesthesia,  or  lessen  secretion,  or  alter  the  functions  at  the  point 
of  application  in  many  other  ways.  They  may  also  have  remote 
effects,  as  has  been  mentioned.  Many  drugs  have  only  «  livnl  ofHnn^ 
because  thev  are  not  absorbpdi  ara  pVi^nrljfpH  in  I'paAtiVa  -fm^fl,  pf  are 
eJtweltkl  or  dp.pnflil^^  na  TApidlv  Aa  they  pass  into  the  cirmilflfjon,  ao 


that  enough  if\  -nnt-  prpflpnt  ■"  *^''  ^'"^  «*  °"y  """  timn  tn  ind"""  gp"- 

ral  effects.   ~C 


:ects.__.OD  the  other  hand,  many  powerful  poisons  have  little  or 

no  eltect  at  the  point  of  application,  but  possess  an  elective  affinity 
only  for  some  organ  to  which  they  are  carried  by  the  circulation. 

THE  RELATION  BETWEEN  OHEIDOAL  OOMPOEOTION  AND 
FHABHACOLOOZCAL  ACTION. 

If  the  effects  of  drugs  on  living  matter  were  due  to  a  chemical  reac- 
tion between  them,  it  might  be  expected  that  those  drugs  which  pre- 
sent a  close  resemblance  in  their  chemical  properties  and  composition 
would  induce  similar  changes  in  the  organism.  And  in  a  number  of 
instances  this  has  proved  correct,  and  there  has  appeared  to  he  a 
definite  rAlntinn  hptwppTi  pharmacological  action  and  chemic^  compo- 
sition,    if'or  example,  so  many  members  ot  tiie  methane  series  of  ctiem- 
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istry  depress  the  central  nervous  system  ttat  this  may  be  regarded  as 
a  general  property  of  these  bodies,  just  as  they  poeseas  certain  general  I 
chemical  reactions,  which  distingnieh  them  from  the  members  of  other  \ 
chemical  series.  In  the  same  way,  the  heavy  metals  reaemble  each 
other  in  their  general  effects  on  the  organism,  just  as  they  react  simi- 
larly to  some  chemical  teste.  But  whenever  an  attempt  is  made  to 
follow  this  relation  in  detail,  the  analt^  breaks  down,  because  factors 
which  it  is  impossible  to  deduce  from  the  chemical  constitution  make 
themselves  felt.  Exactly  the  same  thing  occurs  in  chemistry;  for 
example,  the  heavy  metals  reaemble  each  other  in  so  many  respects  that 
it  might  be  inferred  that  the  sulphides  would  be  of  the  same  color,  or 
that  the  chlorides  would  be  equally  soluble  in  water,  but  experiment 
shows  that  this  is  not  the  case.  In  the  same  way  they  resemble  each 
other  in  many  points  in  their  effects  in  the  organism,  but  it  cannot  be 
inferred  from  this  that  they  will  have  the  same  effect  on  any  ^ven  ) 
organ  or  in  any  given  respect.  A  simple  example  of  the  very  different  | 
effects  in  the  oi^;aiiism  of  dni^  which  are  closely  related  chemically 
is  offered  by  the  action  of  the  simpler  members  of  the  acetic  acid  series 
on  the  sense  of  smell.  For  formic,  acetic,  propionic,  butyric  and 
valerianic  acids  can  be  easily  distinguished  by  their  odors,  that  is,  they  I 
act  differently  on  the  terminations  of  the  olfactory  nerves,  yet  they  I 
form  a  homologous  series  of  as  closely  related  members  as  any  chemical 
series  can  offer.  They  present  certain  differences  in  their  chemical 
reactions,  of  course;  for  example  they  vaiy  considerably  in  the  solu- 
bility of  the  salts  they  form  with  barium  and  calcium,  and  it  is  impos- 
sible to  explain,  or  to  anticipate  these  variations  from  any  considera- 
tion of  their  chemical  constitution.  If  then  their  reactions  with  such 
simple  and  familiar  bodies  as  calcium  and  barium  cannot  be  antici- 
pated, it  wonld  seem  futile  to  attempt  to  foretell  their  behavior  towards 
the  infinitely  more  complex  and  less  known  protoplasm  of  the  nerve 
terminations. 

As  a  matter  of  fact  the  physical  properties  of  drugs  appear  to  | 
have  a  more  direct  bearing  upon  their  action  than  the  chemical  struc- 1 
ture;  that  is,  the  properties  of  the  molecule  as  a  whole  determine  its 
effects  more  than  any  of  its  constituent  parts.  Tor  such  properties 
as  Boliihilitv  in  thp  fluids  of  the  tisauefl.  volatility  and  diffusibility  Jn 
colloid  solutions  determine  whether  a  drug  can  be  absorbed  anH  noina 
into  contact  with  the  ligjpg  J^pH"  ;  ^^i""  >f  *^f^  t^mfnt  HifFor  in  Hnliihilitv 
in  water  ttieir  ejects  may  be  very  different,  although  they  are  nearly 
related  chemically.  These  physical  characters  depend  ultimately 
upon  the  chemical  structure,  but  as  yet  little  has  been  done  to  corre- 
late them  with  it  and  it  is  impossible  to  deduce  them  from  the  struc- 
tural formnlffl. 

A  great  deal  of  time  and  energy  has  been  devoted  to  an  attempt  to 
bring  the  effects  in  the  organism  of  certain  metale  (notably  the  alka- 
lies) into  relation  with  their  atomic  weights,  their  valency,  electrical 
chaises,  and  other  properties,  but  no  results  are  to  be  expected  from 
these  researches  so  long  as  the  ordinary  chemical  reactions  of  these 
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todiea  can  cmlj  be  fonnulatM  twa*limited  extent  and  imperfectly 
from  flucli  considerations.  In  particular,  it  Beenm  of  little  interest  to 
det«miine  their  exact  relative  toxicity,  since  there  is  no  qucBtioh  that 
they  do  not  all  act  on  the  same  organs ;  and  if  one  act  on  the  brain  and 
another  on  the  heart,  one  by  its  specific  affinity  for  an  organ  and 
another  by  inducing  physical  changes  in  the  fluids  of  the  body,  these 
differences  are  sufficient  to  nullify  any  relation  which  they  may  bear 
to  each  other  in  regard  to  the  exact  fatal  dose.  As  baa  been  stated,  it 
may  be  inferred  with  some  probability  that  any  substance  belonging 
to  certain  wide  chemical  groups  will  induce  symptoms  in  the  organism 
resembling  in  general  characters  those  of  the  other  members,  provided 
always  that  it  does  not  contain  some  radicle  which  renders  it  inactive, 
or  gives  it  a  more  powerful  action  in  some  other  direction.  But  the 
details  of  its  action  can  be  ascertained  only  by  actual  experiment, 
exactly  as  the  details  of  its  chemical  behavior  can  be  known  only  by 
performing  the  necessary  reactions;  and  as  there  is  no  prospect  of 
explaining  the  latter  from  its  constitution  at  the  present  time,  there 
is  still  less  hope  that  much  advance  will  be  made  in  the  near  future 
in  formulating  the  laws  governing  the  details  of  its  pharmacological 
effects. 

CONDITIONS  UODtmNG  THE  EFFEOTS  OF  DBUQS. 

The  effects  of  drugs  on  the  living  organism  are  subject  to  some 
modifications  in  certain  individuala  and  under  some  conditions,  which 
it  is  of  importance  that  the  physician  should  recognize,  as  the  dose 
has  to  be  altered  when  they  are  present.  One  of  these  is  the  Biae  and 
Weirixt  If  the  same  amount  of  a  poison  be  distributed  through  the 
tissues  of  a  large  individual  as  of  a  small  one,  less  is  contained  in  any 
given  organ  of  the  former  and  less  effect  is  therefore  observed.  This 
has  been  ascertained  cbiefiy  in  animal  experiment,  in  which  the  effects 
of  drugs  can  be  estimated  much  more  exactly  than  in  man,  but  it 
undoubtedly  holds  good  for  human  beings  also.  Very  large  indi- 
viduals, then,  require  a  somewhat  larger  dose  than  ordinary  persona, 
while  in  treating  individuals  of  small  stature,  the  dose  has  to  be 
reduced. 

The^Aga  of  the  patient  has  also  to  be  taken  into  account  in  prescrib- 
ing, children  ought  to  receive  much  smaller  doses  than  adults.  The 
more  powerful  action  of  drugs  in  children  is  due  in  part  to  their 
smaller  size,  in  part  to  the  more  active  growth  of  certain  tissues  and 
to  the  less  complete  development  of  others,  such  as  the  central  nervous 
'  system.  The  dose  for  a  child  is  generally  calculated  according  to 
Young's  formula,  in  which  a  fraction  obtained  by  dividing  the  age  by 
tll^ge^^9!^8  taken  as  the  proportion  of  the  adult  dose  required. 

Thus,  for  a  child  of  four  years,  the  dose  would  be  (  .  ,  -„  =  1  J  of 
the  adult  dose,  for  one  of  one  year  (  j  ,  ,--  =  J  Ks  of  the  adult  dose. 
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According  to  another  lead  used  formula,  ttie  dose  for  a  child  ia  Bscer- 
taiifed  "hj  dividing  the  adult  doee  by  20,  and  multiplying  the  result 
by  the  age.  Bninton  suggests  dividing  the  dose  by  25  and  multi- 
plying the  result  by  the  age  at  the  next  birthday.  These  formulie  are 
not,"  however,  invariably  safe  guides  to  follow  in  prescribing.  For 
example,  the  narcotics,  particularly  opium  and  ite  preparations,  must 
be  given  during  the  first  years  of  life  in  much  smaller  quantities  than 
are  indicated  by  Young's  rule,  while  alcohol  may  be  administered  in 
comparatively  large  doses. 

The  uaiial.doae  advised  has.  to  be  modified  for  children  then,  and 
may  be  taken  sa  that  suitable  from  20-60  years.  After  this  age  is 
pawed,  it  ia  again  reduced  eomewhat,  so  that  from  70-80  about  }  ofi 
the  adult  dose  is  advised,  and  after  85  it  may  be  reduced  to  ^.  Therel 
are  exceptions  to  this  rule  also,  large  doses  of  the  purgatives,  for 
example,  being  often  necessary  in  old  people. 

S« — ^Women  generally  require  somewhat  smaller  doses  than  men, 
because  of  tbeir  smaller  size,  and  it  is  often  stated  because  their  tissues 
react  more  strongly  to  some  drugs,  though  this  has  not  yet  been  satis- 
factorily established. 

Teuparary  conditiotu  also  infiuence  the  activity  of  drugs.  Thus, 
after  a  meal,  a  poison  is  absorbed  more  slowly  from  the  stomach  than 
when  it  1^  taken  fasting,  and  any  local  irritant  action  is  also  less 
marked,  because  the  drug  is  diluted  by  the  conteuts  of  the  stomach. 
Irritation  of  ike  stommhp*"^  J«/j»^|«j  may  also  modify  the  effects  of 
drugs;  thus  in  some  forms  of  dyspepsia  the  absorption  ia  dower  than 
nggal  and  little  effect  may  be  induced  by  the  ordinary  dose,  while  irri- 
tant drugs  naturally  cause  more  disturbance  of  the  digestion  in  these 
cases.  On  the  other  hand,  a  slight  congestion  of  the  stomach  and 
bowel  tends  to  promote  absorption,  and  it  has  been  found  that  more 
of  a  heavy  metal  is  absorbed  when  it  causes  some  destruction  of  the 
mucous  membrane  than  when  it  is  given  in  small  quantities.  Vqinit- 
i^  and  tljniThtpa.  of  course,  tend  to  lessen  the  action  of  drugs  by 
removing  them  rapidly  from  the  aHraentary  canal. 

During  pregnancy,  purgatives  have  to  be  used  with  great  care, 
because  they  induce  congestion  of  the  pelvis,  and  may  lead  to  abortion. 
Dmgs  acting  on  the  uterus,  or  inducing  a  marked  fall  of  blood  pres- 
Eiure,  are  to  be  avoided  because  the  former  may  cause  the  evacuation  of 
the  uterine  contents,  while  the  latter  may  lead  to  asphyxia  of  the  fcstus. 
Uany  drugs  pass  from  the  mother  to  the  child,  and  this  is  to  be  borne 
in  mind,  as  quantities  which  are  insufficient  to  poison  the  former  may 
have  more  serious  effects  on  the  latter.  During  lactation,  it  is  impor- 
tant to  remember  that  active  bodies  may  be  excreted  in  the  milk,  and 
may  either  act  on  the  child  or  render  the  milk  distasteful  to  it.  In 
menatruation,  purgatives  are  to  be  avoided,  as  they  tend  to  increase 
the  flow,  amd  all  very  active  drugs  are  to  be  used  with  care  or  aban- 
doned temporarily. 

The  Tim*  of  AdmhilBtrafeloii  has  also  some  influence  on  the  effects  of 
drugs.     The  body  is  generally  more  resistant  in  the  morning  than  in 
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the  evening,  especially  in  the  case  of  narcotic  drugs ;  thus  a  dose  of  a 
soporific  which  may  nave  little  or  no  effect  in  the  early  hours,  induces 
sound  sleep  when  given  in  the  evening,  because  the  brain  is  already 
fatigued  and  depressed. 

IdiosyBcnv  is  used  to  denote  an  unnsual  effect  for  which  no  expla- 
nation can  be  found.  Some  persons  react  more  readily  than  nsnal  to 
the  ordinary  dose,  while  in  other  instances,  a  much  larger  quantity  can 
be  taken  without  any  effect.  Others,  again,  show  symptoms  which 
are  entirely  different  from,  and  which  may,  in  fact,  be  diametrically 
opposite  to  those  ordinarily  observed.  These  idiosyncrasies  are  nat- 
urally more  frequently  seen,  and  are  better  known  when  they  arise 
from  widely  used  drugs.  Thus  the  modem  antipyretica  have  so  oitea 
induced  abnormal  symptoms  that  these  are  well  known,  bat  it  is  not 
improbable  that  if  other  drugs  had  been  used,  or  rather  abused,  to  the 
same  extent,  they  would  be  found  to  induce  unusual  reactions  in  an 
equally  large  number  of  individuals.     An  idiosyncrasy,  as  has  been 

Isaid,  cannot  be  explained  in  the  present  state  of  knowledge,  but  some 
conditions  which  have  been  termed  idiosyncrasies  are  probably  due  to 
abnormally  rapid,  or  to  retarded  absorption  or  excretion.  Idiosyn- 
crasies  are  not  confined  to  J 


)  Human  beingfl,'  101*  Hot  mirequently  <Hie 

animal  reacts  quite  differently  from  others  of  the  same  species. 

As  has  been  mentioned,  one  form  of  idiosyncrasy  consists  in  the 

t  failure  of  the  individual  to  react  to  the  ordinary  dose  of  a  drug.    This 

lis  known  as  Tolaraaca^  and  this  particular  form  of  idiosyncrasy  may 

|be  termed  congenital  tolerance.     Certain  species  of  animals  tolerate 

quantities  of  drugs  which  would  be  fatal  to  others  of  the  same  size. 

In  fact,  90  frequently  is  this  the  case  that  it  is  impossible  to  determine 

the  fatal  dose  of  any  drug  on  an  animal  from  experiments  performed 

upon  others  of  a  different  species,  even  though  it  be  nearly  related. 

CSne  of  the  most  remarkable  examples  of  this  form  of  tolerance  is  met 

with  in  the  hedgehog,  which  resists  lai^  doses  of  many  very  active 

poisons.     Another  well-known  example  is  the  tolerance  of  the  rabbit 

of  large  quantities  of  atropine. 

A  form  of  tolerance  which  is  a  matter  of  everyday  observation  is  that 
induced  by  the  prolonged  use  of  a  drug,  which  has  been  called  aemiired 
tqleraiice,  or  mitbridatism.  from  the  belief  that  Mithridates  protected 
himself  in  this  way  from  the  danger  of  poisoning.  The  most  familiar 
example  of  this  form  of  tolerance  is  that  acquired  for  tqbacco  (nico- 
tine) ;  the  first  cigar  often  induces  violent  poisoning,  but  IT  a  habit 
be  formed,  considerable  amounts  of  nicotine  may  be  absorbed  without 
apparent  harm,  not  because  the  absorption  is  retarded,  or  the  excretion 
is  accelerated,  but  because  the  tissues  become  accustomed  to  the  pre- 
sence of  small  quantities  of  nicotine,  and  thus  fail  to  react  to  it.  Nico- 
tine, in  fact,  becomes  a  normal  constituent  of  the  tissues.  This  tolei^ 
ance  is  entirely  different  from  the  immunity  induced  by  toxalbumins 
(see  Ricin),  and  it  is  desirable  that  the  two  terms  should  be  kept 

{distinct.     Very  often  while  tolerance  for  a  poison  is  established  in 
certain  tissues,  others  suffer  from  the  prolonged  use  of  excessive  quao- 
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titles;  for  example,  altbou^  the  seasoned  smoker  does  not  suffer  from 
tlie  nausea  and  vomiting  which  followed  his  first  easaj,  other  organs 
ma;  in  course  of  time  become  involved,  such  as  the  heart  or  the  eye. 
It  is  to  be  noted  tbHt  tplflrAnm  ia  a^^n  loat  if  the  drug  be  discontinued 
for  some  time.     Tnis  is  ot  great  import aniie  in  cases  of  opium-eating, 
for  a  person  who  has  taken  opium  for  a  long  time  acquires  a  tolerance 
for  the  drug,  eo  that  sometimes  enormous  quantities  are  required  in 
order  to  indnee  the  ordinary  effects,  but  if  the  habit  be  discontinued 
for  some  time  the  tolerance  is  lost,  and  a  dose  which  would  formerly 
have  had  little  effect  may  now  induce  dangerous  poisoning.     The  pro- 
longed use  of  one  drug  ma;  establish  tolerance  for  others  of  the  same 
class.     Thus  chronic  drunkards  are  not  influenced  by  large  quantitieaj 
of  alcohol,  and  are  also  more  resistant  to  the  action  of  chloroform  than  | 
ordinary  persons,  this  being  due  to  the  fact  that  chloroform  and  alcohol  I 
act  on  the  same  nerve  cells  in  the  same  direction,  and  probably  induce  \ 
the  same  changes  in  the  protoplasm. 

The  OmnglatiTe  Ktact  of  drugs  is  another  phenomenon  caused  by 
their  prolonged  mgeation.     Smdl  doses  of  certain  drugs  taken  repeat- 
edly for  some  time  eventually  cause  symptoms  which  are  much  more 
marked  than  those  caused  by  a  single  small  dose.     In  many  instances 
this  seems  due  to  the  accumulation  of  considerable  quantities  in  the 
tisanes.     The  absorption  may  be  more  rapid  than  the  excretion,  and  i 
each  new  dose  thus  adds  to  the  total  quantity  in  the  blood  and  organs  I 
more  than  is  lost  in  the  same  time  by  excretion.     The  classical  ex-  f 
ample  of  cumulative  action  is  that  of  digitalis,  but  it  is  much  more  I 
frequently  induced  by  such  drugs  as  mercury,  arsenic,  or  the  iodides,  | 
for  the  so-called  chronic  poisoning  induced  by  these  is  really  an 
example  of  cumulative  action.     It  has  been  suggested  that  cumulative 
action  is  not  really  due  to  the  accumulation  of  the  drug  in  the  tissues, 
but  to  a  summation  of  a  prolonged  series  of  effects  of  the  same  kind ; 
but  although  the  increase  of  the  drug  in  the  organs  has  not  been 
proved  in  all  instances,  it  seems  probable  that  this  is  the  explanation 
in  the  great  majority  of  cases,  perhaps  in  all.     Cumulative  action 
may  occur  along  with  tolerance,  as  has  been  stated.     Thus  the  toler- 
ance of  certain  tissues  for  nicotine  does  not  protect  others  from  the 
effects  of  the  abuse  of  tobacco. 

S7nBrci8ta.^The  presence  of  another  drug  having  the  same  effects  1 
in  the  body  often  increases  the  action  of  a  remedy  to  an  unexpected  | 
extent.  This  is  the  ground  for  the  prescription  of  several  remedies 
acting  in  the  same  way.^  For  example,  several  purgatives  prescribed 
tf^tber  often  act  more  efficiently  than  any  one  given  in  quantity 
equal  to  all  of  them.  It  is  quite  impossible  to  explain  this  except 
by  assuming  that,  although  all  are  alike  in  their  chief  features,  they 
differ  in  the  details  of  their  reactions,  so  that  parts  of  the  alimentary 
canal  which  might  escape  one  are  affected  by  another,  and  the  mixture 
thus  acts  more  universally  than  any  one  of  the  components.  Other 
examples  of  synergism  are  offered  by  the  anesthetics,  for  it  has  been 
'  The  1m>  Important  diim  ua  KimetiiiiM  tumsd  adjnTuiti.  V 
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ahownthet  a  mixture  of  two  of  theae  may  induce  anEestJaesiawben 
administered  in  a  dilution  far  belov  that  neceasarj  if  either  is.em-! 
ployed  alone. 

On  the  other  hand,  a  drug  may  fail  to  elicit  any  aymptomB  if. an 
mtegontjrtlc  substance  be  present  in  the  body.  Thus  in  cases  where 
a  powerful  nervous  depressant,  such  as  chloroform,  has  been  inhaled, 
strychnine  may  have  little  or  no  effect  on  the  spinal  cord  in  dose* 
which  would  normally  increase  the  reflexes  to  a  marked  extent.  In 
the  same  way,  if  the  terminations  of  the  inhibitory  fibres  of  the  heart 
are  paralyzed  by  atropine,  a  poison  which  normally  slows  the  heart 
by  stimulatiag  these  terminations  will  have  no  such  effect  except  in 
very  much  larger  doses. 

Hunt  has  recently  discovered  a  series  of  relations  between  drugs, 
which  do  not  seem  to  fall  into  either  of  these  categories.  Thus  the 
administration  of  alcohol  renders  animals  more  susceptible  to  the 
action  of  acetonitrile,  and  thyroid  feeding  has  the  same  result  in  rats, 
while  it  increases  the  resistance  to  acetonitrile  in  mice. 

Similar  modifications  of  the  effects  of  drugs  may  be  induced  by  poi- 
sons induced  by  pathological  changes  in  the  tissues,  or  by  an  unusual' 
state  of  irritation  or  of  depression  of  the  tissues  themselves.  For 
example,  in  hot  weather  and  in  tropical  climates,  purgatives  are  found 
much  more  efGcient  than  in  colder  climates,  either  because  there  is 
some  poison  which  acts  along  with  the  purgative,  or  because  the 
mucous  membrane  is  more  irritable  than  usual.  That  some  such 
factor  is  present  in  these  conditions  is  shown  by  the  frequent  ooenr- 
renee  of  diarrhcea  without  the  use  of  drugs. 

Similarly  when  an  antagonistic  poison  is  formed  in  the  tissues  in 
the  course  of  a  disease,  a  drug  may  have  little  or  no  effect;  so  that  if 
the  inhibitory  cardiac  terminations  are  paralyzed  by  disease,  the  heart 
cannot  be  slowed  by  muscarine  or  digitals. 

Pathological  condttlons  very  often  modify  the  effects  of  drugs  to  a 
very  considerable  extent,  and  in  a  way  which  cannot  be  explained  at 
present.  For  example,  the  antipyretics  reduce  the  temperature  in 
fever,  but  have  no  effect  on  it  in  health ;  the  bromides  lessen  the  con- 
vulsions in  epilepsy,  but  have  much  less  effect  in  depressing  the  brain 
in  normal  persons.  The  question  may  therefore  be  raised  whether 
the  examination  of  the  effects  of  drugs  in  normal  animals  is  of  much 
value  in  indicating  their  therapeutic  action.  But  in  reply  it  may  be 
said  that  in  a  large  number  of  instances  drugs  are  given,  not  in  order 
to  act  upon  the  diseased  tissues,  but  upon  healthy  ones.  The  object 
of  the  therapeutist  is  very  generally  not  to  restore  the  diseased  tissue, 
but  to  relieve  it  from  work,  and  to  allow  it  rest  so  as  to  promote  its 
restoration  by  nature.  For  instance,  in  diseases  of  the  cardiac  valves, 
drugs  are  given,  not  with  the  object  of  restoring  their  integrity,  but  to 
act  upon  ihe  healthy  heart  muscle,  and  to  obviate  the  distur1)ance  of 
the  circulation  which  is  caused  by  the  destruction  of  the  valves.  In 
inflammation  of  the  kidneys,  the  physician  seldom  attempts  to  reduce 
the  inflammaticm  by  the  action  of  drugs  on  the  cells  involved,  but 
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cOTifides  hia  atteotion  to  removing  by  other  channels  the  producta  of 
tissue  waste,  which  woald  normdly  be  excreted  hy  the  kidney.     So  ■ 
that  in  moat  instances  drugs  are  pvea  to  act  on  normal  tissues,  or  on  I 
tissues  which  are  so  little  affected  by  disease  that  they  react  to  rem&-  | 
dies  in  the- same  way  as  the  normal.     In  other  cases  in  which  the 
remedy  acts  on  the  cause  of  the  disease  or  on  the  diseased  tissue,  its 
introductioD  is  due  to  clinical  experience  only     Thus  quinine  destroys 
the  organism  of  malarial  fever,  but  this  could  never  have  been  antici- 
pated from  its  action  on  the  normal  tissues,  and  could  only  be  discov- 
ered by  experiments  on  the  organism,  or  rather  by  experiments  on 
.persons  suffering-  from  the  disease,  as  the  organism  has  been  recog- 
nized only  of  late  years. 

HBTHOBS  OF  ADHIHISTBATION. 

The  effect  of  a  remedy  is  often  determined  very  largely  by  the 
method  in  which  it  is  administered.  As  r^ards  the  local  action,  this 
18  BuflBciently  obvious,  for  an  irritant  applied  to  the  skin  could  scarcely 
be  expected  to  cause  the  same  symptoms  as  if  it  were  applied  to  the 
stomach  and  intestine.  But  the  same  holds  true  for  the  general  action 
in  most  instances,  because  some  tissues  and  organs  absorb  much  more 
rapidly  than  others,  and  a  larger  quantity  of  the  drug  therefore  passes 
through  them  into  the  blood  in  a  given  time.  Thus,  if  a  poison  which 
is  absorbed  slowly  be  rapidly  excreted,  so  little  of  it  may  exist  in  the 
blood  and  tissues  at  any  given  time  that  no  effects  are  induced,  while 
if  it  be  rapidly  absorbed,  the  same  dose  can  exert  some  action  before  it 
is  excreted. 

'  Drugs  are  applied  for  their  Local  Action  to  the  skin,  to  the  mucous  ■ 
membranes  of  the  alimentary,  respiratory,  and  geni^o-urinary  tracts,  1 
andtotheconjunctivaandcomea.      Not  infrequently  they  are  injected  ' 
by  means  of  the  hypodermic  needle  into  the  subcutaneous  tissues  for 
their  local  effects,  and  the  attempt  is  continually  being  renewed  to 
treat  even  the  deeper  tissues  and  organs  locally  by  the  injection  of 
remedies  into  them.     The  objects  of  local  medication  are  very  diverse, 
and  can  be- treated  of  only  in  connection  with  the  individual  drugs. 
The  methods  of  application  are  also  so  numerous  that  only  a  few  of  the 
chief  can  he  mentioned.     Drugs  intended  for  application  to  the  skin 
are  often  formed  into  salves  or  ointments  (ugguenta)  by  mixing  them . 
with  oily  or  f sttv  subatances.  which  adhere  to  the  skin  and  do  not  \ 
dry  up,  and  which  in  addition  to  serving  as  a  means  of  applying  an  I 
active  substance,  protect  the  surface  from  the  air  and  from  irritation.  I 
Other  preparations  for  application  to  the  skin,  such  as  the  plMtsB 
(emplastra),  resemble  the  ointments  in  their  general  characters,  but 
also  give  mechanical  support  and  bind  surfaces  together  from  their 
being  spread  on  paper  or  cloth,  which  thus  serves  as  a  flexible  splint. 
The  coDodions  and  cerateg  resemble  the  plasters,  the  oleates  the  pint- 
ments.     In  addition  to  these  special  preparations,  drugs  may  be  apr 
plied  to  the  skin  in  solutions,  or  as  powders,  or  solid  masses  may  be 
used  to  cauterize  it. 
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Tib  methods  of  applying  drugs  to  the  alimentary  tract  and  to  the 
lungs  for  their  local  action  are  for  the  moat  part  similar  to  those  used 
for  drugs  which  are  intended  to  be  absorbed.  The  mouth  and  throat 
may  be  washed  out  with  solutions,  which  are  gargled  (gargarismata), 
or  may  be  treated  with  powders,  or  lozenges  (trochisci),  which  are 
slowly  dissolved  and  thus  permit  of  a  more  prolonged  and  constant 
action  in  the  mouth  than  is  possible  if  the  drug  be  swallowed  imme- 
diately. The  Dose  may  be  washed  out  with  solutions  of  active  drugs, 
or  powders  may  be  drawn  into  the  nostrils  as  snuffs ;  the  latter  often 
cause  sneezing,  and  are  sometimes  known  as  sternutatories,  or  errhines. 
The  larynx  may  be  treated  locally  by  the  application  of  powders  or 
of  very  small  quantities  of  fluids  by  means  of  tiie  laryngoscopic  mirror 
and  probe.  Solutions  are  generally  used  for  application  to  the  con- 
junctiva, but  a  more  permanent  effect  can  often  be  obtained  from  the 
use  of  ointments  or  powders  which  are  less  liable  to  be  washed  away 
by  the  tears.  The  urethra,  vagina  and  uterus  are  treated  by  the  in- 
jection of  solutions,  or  by  ointments  and  powders.  Bougies,  which 
are  occasionally  advised,  are  formed  by  incorporating  an  active  drug 
in  some  substance  which  is  solid  at  ordinary  temperatures,  but  melts 
when  introduced  into  the  organ  and  allows  the  drug  to  come  into  con- 
tact with  the  surface.  The  rectum  may  similarly  be  treated  by  the 
injection  of  drugs  in  solution  or  suspension  (enemata),  or  by  the  use 
of  suppositories.  Drugs  are  not  infrequently  applied  by  the  rectum 
in  order  to  elicit  their  action  after  absorption,  but  much  oftener  for 
their  local  action  on  the  bowel.  Enemata  may  be  either  large  (a  pint 
or  more)  or  small  (2-5  c.c,  i— 1  fl.  dr.).  The  large  enemata  are  used 
t  either  to  wash  out  the  intestines,  and  may  then  contain  an  antUeptic 
lor  astringent,  or  to  induce  peristalsis  and  evacuation  of  theBSwel, 
when  they  are  made  up  of  water  with  or  without  soap  or  other  slightly 
irritant  substances.     The  small  eijemata  are  used  chiefly  to  induce 

I  evacuation,  and  contain  more  ifritant  substances,  such  as  gl^ttefin 
alone  or  along  with  some  more  active  body.  The  suppositories  are 
formed  of  cacao-butter,  which  is  solid  at  room  temperatures,  but  melts 
at  the  temperature  of  the  rectum. 

All  the  visible  mucous  membranes  may  also  be  cauterized  by  the 
application  of  a  solid  rod  of  a  corrosive  for  a  short  time. 

Drugs  whose  Oenwal  Action  is  to  be  elicited  after  their  absorption 
are  given  by  the  month,  except  when  some  special  character  in  them 
or  in  the  disease  renders  some  other  method  preferable.     They  may  he 

1  given  by  the  mouth  in  solution  in  water,  alcohol,  oils,  oi  other  more 
or  less  indifferent  bodies.  The  disagreeable  taste  of  many  remedies, 
however,  often  precludes  this  method,  and  these  may  be  ordered  in  the 
form  of  EJJJs,  or  in  fapgiiltia,  which  are  formed  of  gelatin  or  similar 
substances  and  are  dissolved  in  the  stomach  and  intestines.  Very 
often  the  disagreeable  taste  may  he  concealed  by  the  addition  of  sugar, 
or  of  some  strongly  tasting  but  agreeable  body,  such  as  a  volatile  oil. 

ITqy>]nhlB  dyups  may  he  given  as  powders,  as  they  have  little  or  no 
taste.     Powders  are  also  used  as  a  means  of  administering  soluble 
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drugs,  if  they  have  not  a  disagreeable  taste  and  have  no  marked 
local  action,  but  very  deliquescent  drags  should  not  be  given  i 
fonn.     Ii^luble  drugs  are  sometimes  ordered  in  suspension  in 
l^nous  fluids ;  and  oils,  which  are  distasteful  to  many  people, 
be  given  mixed  with  water  and  gums  t"emulaionfl1 . 

The  rate  of  absorption  from  the  aUmentary  canal  varies  greatly 
with  different  dnigs  and  also  with  the  form  in  which  they  are  adminis- 
tered. The  first  point  will  be  .treated  of  in  connection  with  the  indi- 
vidual drugs.  As  regards  the  second,  it  may  be  stated  that  drugs  are 
more  rapidly  absorbed  when  they  are  swallowed  in  solution,  and  that 
when  much  inert  and  insoluble  matter  is  associated  with  them,  their 
absorption  is  much  retarded.  Thus,  common  salt  passes  more  rapidly 
into  the  blood  when  it  is  dissolved  before  being  taken  than  when  it  is 
swallowed  dry,  and  morphine  is  absorbed  mnd^  more  quickly  when  it 
is  administered  pure  than  when,  as  in  opium,  it  is  mixed  with  a  mass 
of  gums  and  other  bodies.  This  fact  is  taken  advantage  of  in  practice 
by  giving  drugs  in  solution  when  rapid  absorption  is  desirable,  and  by 
giving  less  pure  forms  when  the  local  action  on  the  stomach  and  bowel 
is  to  be  elicited.  The  more  concentrated  the  solution,  the  greater  is 
the  irritant  action  on  the  stomach,  and  thus  where  irritation  of  the 
stomach  is  desired,  either  the  solid  drug  or  a  strong  solution  is  given; 
but  as  a  general  rule  the  local  action  on  the  stomach  is  to  be  avoided, 
and  drugs  are  therefore  ordered  in  as  dilute  solution  as  is  possible 
without  increasing  the  bulk  to  too  great  an  extent.  It  is  to  be  noted 
that  drugs  which  are  insoluble  in  the  test-tube  may  be  rendered  soluble 
by  the  action  of  the  gastric  and  intestinal  juices,  while  many  which 
are  given  in  solution,  are  thrown  down  in  the  stomach  in  the  form  of 
insoluble  albuminates. 

The  great  mass  of  drugs  absorbed  from  the  stomach  and  intestine  i 
is  carried  to  the  liver  before  reaching  the  general  circulation,  and  this  | 
is  of  great  importance  in  determining  their  effects  in  the  body,  as  I 
some  of  them  are  retained  in  that  organ,  and  are  either  entirely  | 
destroyed  or  escape  so  slowly  that  they  have  no  perceptible  effect. 

Another  important  method  of  administering  drugs  for  their  general 
action  and  also  for  their  Igcal  effects  is  by  inhalation  into  the  lungs. 
Only  volatile  drugs  can  beiised  thus  for  their  general  action.  They 
are  absorbed  very  rapidly  owing  to  the  extensive  surf  ace  to  which  they 
are  applied,  and  also  because  volatile  substances  penetrate  the  tissues 
more  readily  than  others.  The  best  examples  of  inhalation  are  offered 
by  the  general  aneesthetics,  chloroform  and  ether.  Most  substances 
absorbed  by  the  lungs  are  also  excreted  by  them,  and  this  leads  to  an 
important  practical  point  in  regard  to  the  aneesthetics.  for  the  passage 
of  gases  or  vapors  through  the  lining  epithelium  of  the  alveoli  depends 
in  most  instances'  upon  their  partial  pressure,  that  is,  upon  their  con- 
centration in  the  air  and  blood  respectively.  Accordingly,  when  the  air  » 
contains  more  chloroform  vapor  than  the  blood,  the  anaesthetic  passes  I 

'  Snob  gasM  m  oijgen  and  carbon  monoidde,  wMeb  form  ehemieal  eambinatiou* 
witb  tbe  hsnoKlobm,  axe  of  course  ezceptlotiB. 


aglc 


?Ti  l^fc^«i«4  "  iL^uitjitJf  INTSODUCTIOS. 


LJUMillll^    IP  ■   '-^' IJ     ^ 


I  into  tlie  blood,  but  as  soon  as  the  condition  ia  revereed,  and  the  blood 
\  contains  more  chloroform  than  the  air  of  the  alveoli,  it  commences  to 
\pass  backwards.  The  more  concentrated  the  vapor  inhaled,  the  more 
ubloroform  is  contained  in  the  cubic  centimeter  of  blood,  and  the 
greater  is  the  action  on  the  nervous  centres  and  the  heart. 

iLess  volatile  substances  are  sometimes  inhaled  into  the  lungs  for 
their  local  action,  and  even  non-volatile  bodies  suspended  in  a  spray 
of  vapor  may  be  thrown  into  the  respiratory  passages,  but  it  may  be 
questioned  whether  these  last  really  reach  the  alveoli  except  in  traces. 

Drugs  are  also  applied  to  the  ^OD  i^  order  to  elicit  their  general 
ajjtion.  Volatile  bodies  are  certainly  absorbed  by  it,  although  much 
more  slowly  than  by  the  lungs  or  by  the  stomach  and  intestine.  Solu- 
tions in  water  of  non-volatile  drugs  are  not  absorbed  from  the  skin, 
but  solutions  of  certain  remedies  in  alcohol,  oils,  fats,  ether,  and  some 
other  substances  which  are  capable  of  dissolving  or  mixing  with  the 
fatty  covering  of  the  skin,  are  absorbed  fairly  rapidly  if  they  are 
rubbed  in  thoroughly.  This  method  of  application  (igu^tion)  has 
been  used  chiefly  for  the  absorption  of  mercury,  as  the  local  action  on 
the  stomach  and  bowel  is  thus  avoided.  (See  Mercury.)  Alkaloids 
do  not  appear  to  be  absorbed  by  the  skin  even  when  dissolved  in  oils 
or  alcohol.  An  entirely  olisQigte  method  of  application  is  the  @- 
dfigiic,  in  which  the  epidermis  was  removed  by  a  blister,  and  the 
remeSy  then  applied  to  the  exposed  corium. 

The  hypodermyc  method  is  of  comparatively  recent  origin,  but  is 
being  more  widely  used  every  year.     In  it  drugs  are  injected  through 

ia  fine  hollow  needle  into  the  subcutaneous,  or,  in  the  case  of  more 
irritant  substances,  into  the  muscular  tissue,  where  they  meet  with 
fewer  sensory  nerves.  Absorption  occurs  more  rapidly  than  when 
drugs  are  given  by  the  mouth,  the  local  aft? f(n  "^  the  aliiEgntary 
canal  is  avoided,  and  the  physician  is  more  certain  that  the  wbqlp 
of  the  remedy  ia  efFectJve.  provided  it  in  iwluh'f;  IITT'I  Is  uot  pre- 
cipitated at  the  point  of  injection.  At  the  same  time,  the  method 
Iinffi-certain  drawoacks,  the  chief  of  which  are  the  pain  of  the  injec- 
tion and  the  danger  of  injecting  a  powerful  remedy  into  one  of  the 
subcutaneous  veins.  Hypoderraic  injection  should  be  made  only 
by  the  physician  or  trained  attendant,  for  incalculable  injury  has 
been  done  by  entrusting  patients  with  the  syringe,  particularly  for  the 
injection  of  morphine  and  cocaine.  The  needle  and  syringe  ought  to 
be  disinfected,  and  the  substance  injected  should  be  aseptic,  and  this 
renders  the  method  inconvenient.  As  a  general  rule,  solutions  in 
water  or  in  dilute  alcohol  are  used  for  injection,  but  the  insoluble 
salts  of  mercury  have  also  been  injected,  suspended  in  oil  (see  Mer- 
cury). Irritant  drugs  are  to  be  avoided  as  far  as  possible,  as  they 
cause  great  pain,  swelling  and  sometimes  suppuration,  even  when  the 
injection  has  been  carried  out  aseptically.  Hypodermic  injection  is 
used  very  laigely  to  elicit  the  general  action  of  a  remedy,  but  also  for 
the  local  effects,  as  when  cggajne  ia  injected  in  order  to  produce  IgBpl 
'■-----      Solutions   of  inert  bodies  have  also  some  anssthetic 
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action,  probably,  owing  to  their  mechanical  action  on  the  sensory  nerve 
fibres.     As  the  absorption  from  the  subcntaneous  tisBUes  is  so  much  l 
more  rapid  than  that  from  the  stomach  and  intestine,  when  the  drug  I 
is  in  perfect  solution  the  dose  has  to  be  reduced.     As  a  general  rale,  | 
about  one-half  of  the  ordinary  amount  is  sufficient. 

Deeper  injections  are  sometimes  made  for  their  loc&l  action  on  the 
organs.  Thus,  antiseptics  bare  been  injected  into  lung  cavities,  caus- 
tics have  been  injected  into  tumors,  and  direct  applications  have  been 
made  to  the  nerves  in  sciatica  and  other  similar  disorders. 

InlraKenowi  injee.tion  is  the  most  certain  method  of  bringing  drugs 
into  the  circulation  and  tissues,  and  is  at  the  same  time  the  most 
rapid.  It  is,  therefore,  very  lai^ely  used  in  experiments  on  animals, 
but  lias  generally  been  considered  too  dangerous  for  therapeutic  pur- 
poses in  man.  Baccelli  has,  however,  recomjuOTided  it  highly  in  recent 
years  tn  cases  of  emergency,  in  which  the  immediate  action  of  a 
remedy  is  required.  In  pernicious  malaria,  and  in  syphilis  when  an 
important  organ  is  threatened,  he  has  injected  smedl  quantities  of 
quinine  and  mercury  with  great  success.  Cardiac  and  circulatory 
stimulants,  such  as  digitalis  and  adrenaline,  have  also  been  admin- 
istered in  this  way.  The  dose  must  be  very  much  smaller  than  that 
employed  by  the  month,  but  itis  impossible  as  yet  to  state  exactly 
what  fraction  will  induce  the  same  effects. 

Drugs  are  occasionally  applied  bT  the  rectum  for  their  ^menl 
a^[j]'pn^  HI  has  been  mentioned.  Tba  local  effwfa  on  the  stomMEare 
avoided  by  this  method,  nni^  mnrpjiiTfB  utid  opium  are,  therefore,  not 
infrequently  ad  min  i  ster  edthus .  The  rate  of  absorption  from  the 
rectum  as  compared  with  that  from  the  stomach  and  bowel  is  still  a 
disputed  point,  and  some  physicians  recommend  that  the  dose  be 
reduced  to  three-fourths,  while  others  recommend  one  and  one-half 
times  that  given  by  the  mouth. 

Drugs  are  not  administered  by  the  other  mucous  menibranes  for 
their  general  effects,  but  it  must  not  be  forgotten  that  symptoms  may 
arise  from  their  application  to  them  for  their  local  action.  Similarly, 
drugs  applied  as  dressings  to  wounds  or  ahrasiona  have  very  often 
given  rise  to  severe  or  fatal  poisoning  from  being  absorbed  into  the 
blood  and  tissuee. 

THE  OHEUCAL  OEABAOTEBS  OF  DBUQS. 

An  enormous  number  of  substances  induce  changes  in  the  living 
organism,  and  have,  therefore,  to  be  recognized  in  pharmacological 
treatises.  Many  of  them  are  comparatively  simple  chemical  com- 
pounds, and  require  no  genera)  description  here,  but  less  attention  is 
paid  in  ordinary  chemical  text-hooks  to  certain  groups  of  active  poi- 
sons, and  some  note  must  be  taken  of  their  general  properties. 

In  the  inorganic  materia  medica  are  found  many  salts,  bases  and  | 
acids,  and  a  few  uncombined  elements,  such  as  mercury  and  phoa-  f 
phorus. 
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Qrgapic  chemistry  offers  a  large  and  ever-increaeing  number  of 
artificiaTcompoirnds  which  belong  to  almost  every  one  of  the  dmaione 
recognized  in  chemistry.  The  hydrocarbons,  alcohols,  ethers,  phenols, 
ketones,  aldehydes,  acids,  and  many  others,  contribute  active  agents, 
and  in  fact  most  of  them  are  represented  by  one  or  more  members  in 
therapeutics.  They  may  all  be  regarded  as  sufficiently  known  by  stu- 
dents who  are  prepared  to  study  pharmacology  with  profit,  but  some 
substances,  obtained  chiefly  from  plants,  require  further  mention. 

The  first  group  of  these  is  formed  by  the  Alkaloids,  which  are  sub- 
stituted aigmonias,  and  have  a  more  or  less  sf^^gly  alkaline  reaction, 
so  that  they  are  often  known  as  the  vegelgUebases.  They  contain 
carbon,  hydrogen,  nitrogen,  and,  as  a  general  ruie,  oxygen,  although 
some  of  them,  such  as  coniine,  are  devoid  of  it.  Like  ammonia,  they 
combine  with  acids  readily  without  eliminating  hydrogen,  and  the 
salts  thus  formed  resemble  those  of  ammonia  in  many  respects,  among 
I  others  in  being  thrown  out  of  combination  by  the  fixed  alkalies.  The 
term  alkaloid  is  often  restricted  to  compounds  of  pyridine  and  quino- 
line,  but  this  narrow  definition  cannot  be  maintained  in  treating  them 
from  the  pharmacological  point  of  view.  It  is  true  that  most  of  the 
vegetable  alkaloids  whose  constitution  is  known  are  derived  from 
pyridine,  quindine  and  isoquinoline  by  the  addition  of  hydrogen,  and 
generally  by  the  substitution  of  one  or  more  of  the  hydrogen  atoms  by 
side  chains  of  greater  or  less  complexity. 


[C\         JCH 
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QulDoIina. 


iHqalnoline. 


But  Others  appear  to  be  derivatives  of  the  pyrrol  and  oxazine  groups, 
while  in  others  the  nitrogen  is  attached  to  radicles  belonging  to  the 
methane  or  open-chainseries,asinCH(OH)j-— CH^ — N(CH8)30H, 
which  is  generally  regarded  as  the  formula  of  muscarine.  Another 
series  of  bodies,  whieb  may  be  regarded  as  alkaloids,  although  they 
differ  from  the  others  in  many  respects,  are  derivatives  of  aniline,  and 
are  artificial  products. 


HC — —jCH 
HC^  JcH 


iC— NH, 


NCH 


HC\       /CH 


V 

OlUiDB. 


These  aniline  derivatives  bear  some  relation  to  the  vegetable  bases 
in  their  action,  but  are  equally  or  more  nearly  related  to  the  benzol 
series,  so  that  they  may  be  regarded  as  connecting  links  between  these 
two  classes  of  bodies.     Finally  the  purine  bodies  (see  Caffeine  group) 
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maj  be  mentioned  in  this  connection,  although  their  chemical  structure 
scarcely  permits  of  their  being  numbered  among  the  true  alkaloids. 

Some  of  the  vegetable  alkaloids  have  been  formed  syntheticallj  in 
the  laboratory,  and  the  constitution  of  some  of  the  others  is  perfectly 
well  known,  but  many  of  them  have  not  yet  been  isolated,  and  there 
are  probably  others  whose  existence  is  not  even  suspected.  These 
vegetable  alkaloids  occur  in  almost  all  parts  of  plants,  although  they 
are  found  in  greatest  abundance  in  the  segj^  and  j;oole.  The  same  i 
alkaloid  is  often  found  in  most  of  the  plants  of  a  genus,  or  it  may  I 
occur  in  one  or  two  species  of  a  genus  and  in  other  plants  which  are  \ 
in  no  way  related.  Very  often  more  than  one  alkaloid  ia  found  in  a 
plant,  and  these  may  differ  entirely  in  their  action  on  animals, 
although  not  infrequently  all  the  alkaloids  of  a  plant  resemble  each 
other  in  their  effects.  The  alkaloids  are  found  almost  exclusively  in  i 
dinotYledonQua  nlflnts.  only  one  or  two  being  known  to  exist  in  the 
monocotyledons.  Muscarine,  ergotoxiue  and  other  bases  are  found 
in  the  fungi,  md  quite  recently  alkaloids  have  been  isolated  from  the 
suprarenal  capsule  of  animals  and  from  thp  skin  of  thft  salamander. 

The  alkaloids  are  very  iften  only  sliglitly  soluble  in  water,  but  \ 
form  salts  which  are  generally  more  soluble.  Many  of  the  bases  are 
dissolved  in  ether,  chloroform  and  amyl  alcohol,  while  the  salts  are 
insoluble  in  these.  Both  bases  and  salts  are  generally  fairly  soluble 
in  alcohol.  The  alkaloids  are  precipitated  from  solution  by  a  large 
number  of  reagents,  of  which  the  most  important  are  the  chlorides  of 
platinum  and  of  gold,  tannic  acid,  phosphotungstic  and  phospho- 
molybdic  acid,  the  double  iodides  of  potassium  and  mercury,  and  of 
potassium  and  cadmium,  and  iodine  neid  in  solution  in  water  by 
potaasic  iodide.  The  hydrates  and  carbonates  of  the  alkalies  and  the 
alkaline  earths  precipitate  the  alkaloids  from  solutions  of  the  salts  in 
water,  a  point  of  some  importance  in  prescribing  these  bodies.  In 
cases  of  poisoning  when  the  alkaloid  has  been  taken  by  the  mouth, 
it  may  he  precipttat.pd  in  tbft  stomanh  bv  dihita  alkalies  or  better  by 
t^inin  solutions.  The  poison  should  then  be  removed  by  inducing 
vomiting  or  by  washing  out  the  stomach  with  the  stomach  tube. 

Another  important  class  of  v^;etable  poisons  is  formed  by  the 
OlocoBidaa  (glycosides),  or  saccharides,  which  are  esters   (compound  I 
ethers)  composed  of  sugars  and  hydroxyl  substances,  and  which  lib- 1 
erate  sugar  when  they  are  heated  with  acids,  or  sometimes  with  alka- 1 
lies,  or  when  certain  unorganized  ferments  act  on  them.     The  sugar 
formed  in  this  way  ia  often  glucose,  but  not  invariably  so ;  the  other 
decomposition  products  have  been  identified  only  in  a  few  instances. 
Many  of  the  glueosides  contain  only  carbon,  hydrogen  and  oxygen,  a 
few  have  nitrogen  in  addition  and  one  or  two  sulphur.     In  somei 
instances  the  remainder,  after  the  sugar  is  split  off,  is  an  alkaloid,  [ 
e.  g.,  solanidine.     Qlucosides  differ  greatly  in  their  solubility  in  water 
and  alcohol ;  comparatively  few  of  them  are  soluble  in  ether.     Some 
of  the  glueosides  are  powerful  poisons,  others  have  little  or  no  action. 

Besina,  an  ill-defined  group,  are  found  in  many  plants,  and  are  char- 
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acterized  by  their  smooth,  Bhining  fracture,  siid  by  their  insolubility 
ia  water  and  Bolubllity  in  ether,  chloroform,  TolatUe  oils,  benzol  and, 
in  many  cases,  in  alcohol.  They  seem  to  be  formed  in  plants  by  the 
oxidation  of  volatile  oils,  and  are  often  acid  or  anhydride  in  character, 
while  others  are  apparently  alcohols  or  esters.  The  resins  are  almost 
invariably  composed  of  several  different  substances  mixed  together. 
Many  of  the  reeins  are  local  irritants,  and  some  are  poisonous  in  com- 
paratively Biaall  quantity  from  the  powerful  action  they  exert  on  the 
intestine. 

Oleoresins  are  solutionB  of  resina  in  ethereal  oila,  which  lend  them 
a  characteristic  odor  and  taate. 

The  term  'Balsam'  is  often  used  as  synonymous  with  oleoreain, 
but  moat  writers  restrict  it  to  those  oleoreeins  which  contain  ben- 
zoic and  cinnamic  acid  along  with  other  constituents.  (See  Benzoic 
Acid.) 

OwmrTesins  are  mixtures  of  resins  and  gums,  generally  containing 
Bome  volatile  oils.  They  are  insoluble  in  water,  but  the  resin  is  sus- 
pended in  it  by  the  gum.  On  the  other  hand,  the  resin  is  dissolved 
by  alcohol,  while  the  gum  remains  insoluble. 

Gruna  are  amorphous,  transparent  substances,  composed  of  carbohy- 
drates of  the  formula  CeHioOo  and  are  thus  nearly  related  to  cellulose  ' 
and  starch.  Some  of  them  are  soluble  in  water,  while  others  merely 
Bwell  to  a  jelly  in  it;  they  are  insoluble  in  alcohol.  They  generally 
occur  in  plants  in  combination  with  calcium,  magnesium  or  potas- 
sium; they  have  no  poisonous  action,  but  form  a  protective  covering 
ior  irritated  surfaces,  and  are  largely  used  to  suspend  in  water  sub- 
iBtances  which  are  insoluble  in  it,  auch  as  resins  and  oils. 

Volatlla  olla  occur  in  plants  in  large  numbers.     (See  page  58.) 

Uany  Acids  which  are  of  pharmacological  and  therapeutic  interest 
are  obtained  from  plants,  but  it  is  unnecessary  to  enter  into  a  descrip- 
tion of  their  properties  here.  , 

Fats  and  oils,  sugars,  starch,  proteins,  coloring  matter,  ferments 
and  other  bodies  which  occur  in  plants,  and  are  contained  in  many  of 
the  preparations  used  in  therapeutics,  are  not  generally  possessed  of 
any  action  of  importance.  Those  which  are  active  in  the  body  will 
be  described  individually. 

Finally  many  of  the  active  principles  of  plants  are  entirely  untnown 
or  have  been  only  partially  examined.  Among  these  are  a  number  of 
substances  which  have  little  in  common  except  their  bitter  taste  and 
which  are  known  asBitt«TS. 

THE   PHASHA0OF(EIAS   AND   FHABMA0OP<EIAL 
FBEFARATIONS. 

Almost  all  governments  have  found  it  necessary  to  regulate  the 
preparation  of  drugs  used  in  therapeutics,  and  for  this  purpose  issue 
at  intervals  codes  of  instructions  defining  the  characters  of  the  drugs 
and  giving  the  exact  formulss  according  to  which  they  are  to  be  pre- 
pared for  use.    In  the  United  States,  where  the  government  has  not 
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undertaken  this  as  yet,  a  code  has  been  prepared  by  a  voluntary  asso- 
ciation of  physicians  and  pharmacists.  These  codes  are  known  as 
Plutmutcoposiaa,  and  some  differences  exist  between  those  of  different 
states,  although  the  most  important  drugs  are  found  in  all  of  them. 
All  the  drugs  used  in  therapeutics  are  not  found  in  the  pharmacopceias, 
for  Uiese  are  issued  only  at  intervals  of  several  years,  and  in  the  mean- 
time large  numbers  of  remedies  are  introduced,  used  for  a  few  months, 
and  pass  into  oblivion.  Even  when  a  drug  maintains  its  position  for 
many  years,  and  promises  to  be  a  lasting  addition  to  therapeutics,  it 
often  fails  to  be  admitted  to  the  official  code,  while  others  of  older 
standing,  which  are  comparatively  seldom  used,  and  which  might  be 
omitted  without  loss,  are  kept  on  the  list.  This  conservative  tendency 
of  the  compilers  of  the  pharmacoptEias  has  its  disadvantages,  but  at 
any  rate  tends  to  withhold  official  sanction  from  the  innumerable 
ephemeral  products  of  chemical  industry.  The  official  definition  of 
therapeutic  substances  is  of  advantage  to  both  physician  and  pharma- 
cist,  as  it  assures  the  former  that  the  drug  he  prescribes  will  have  a 
uniform  quality,  wherever  in  the  country  it  is  dispensed,  while  the 
pharmacist  is  saved  from  the  continual  preparation  of  remedies  in 
different  forms,  by  their  being  prescribed  in  one  recognized  strength. 

The  pharmacopteias  contain  a  large  number  of  pure  substances  such 
as  salts,  acids,  bases,  alkaloids,  and  these  require  no  further  description. 
On  the  other  hand,  many  of  the  drugs  are  given  in  an  impure  form, 
either  because  the  active  principle  is  unknown,  or  because  its  isolation 
is  attended  with  difficulty  and  expense.  Thus  many  of  the  vegetable 
remedies  are  presented  in  the  pharmacopceias  as  solutions  or  solids 
which  contain  not  only  the  active  principle  but  gums,  sugars,  coloring 
matter,  and  many  other  impurities.  These  are  provided  in  different 
forms  to  allow  of  variation  in  their  administration.  In  addition,  the 
pharmacopoeias  contain  a  number  of  official  prescriptions,  that  is,  mix- 
tures of  active  substances  in  such  proportions  as  are  ordinarily  pre- 
scribed. These  are  generally  designated  by  the  addition  of  compound 
(compositus)  to  the  name  of  the  chief  ingredient.  Most  pharmaco- 
poeias continue  to  use  Latin  in  the  titles  of  the  drugs,  and  this  is  not 
due  to  mere  pedantry  or  conservatism,  as  is  often  stated.  For  the 
popular  name  of  a  drug  is  often  used  for  several  different  substances, 
as,  for  example,  hellebore,  while  the  Latin  name  in  a  prescription 
indicates  that  drug  which  is  known  by  the  term  in  the  pharmacopoeia. 
'  In  the  same  way  it  is  found  necessary  to  maintain  Latin  terms  in 
botany  and  zoology  in  order  to  define  accurately  the  species. 

Many  crude  or  unprepared  drugs  are  found  in  the  pharmacopteias, 
such  as  leaves,  roots,  flowers,  or  even  whole  plants.  These  are  used 
chiefly  for  the  preparation  of  other  more  readily  applicable  remedies, 
but  are  sometimes  prescribed  as  powders  or  in  pills. 

The  following  preparations*  are  official : 

*Tbe  ttndent  ii  advlBed  to  omit  the  foUowiog  list  for  the  present,  and  to  refer 

■■  ......  idividnai  drugs.    Most  of  these 

rbose  nhleh  occur  00)7  in  the 
e  confined  to  the  United  States 
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a.  Aqueoua  Preparationa. 
Aaute,  medicated  waters,  generally  contain  only  traces  of  some  ToUtUe 
-  substance,  such  as  an  ethereal  oil  or  chloroform,  in  solution  in  water,  and 

ytMM-    '    these  are  used  in  preseriptions  as  more  agreeahle  to  the  taste  and  smell  than 
■iv»  %i^         pure,  water  but  have  no  further  effect.    In  the  U.  S.  P.  the  solutions  of 
chlorioe,  ammonia  and  hydrogen  peroxide  are  also  included  under  aqun,  hut 
these  are  used  only  to  elicit  the  specific  effects  of  these  drugs  and  are  powerful 
poisons.     In  the  B.  P.  these  strong  solutions  are  included  in  the  liquores. 
0  '  Li^ttorsg  (U.  S.  P.)  are  solutions  in  water  of  soluble  substances  which  are 

y'^i'T"     '"^'  volatile.     The  official  solutions  of  powerful  poisons  are  often  one  per 
"^"^        cent,  in  strength. 

lAawres  (B.  P.)  are  solutions  in  the  widest  sense,  in  water,  alcohol,  or 
other  fluids.  The  dissolved  substance  may  be  volatile  or  non-volatile.  The 
"  concentrated  solutions  "  (B.  P.,  Liquores  Concentrati)  are  not,  as  might  be 
supposed,  condensed  by  evaporation.  They  resemble  infusions  and  decoc- 
tions  in  most  respects. 
v  i^^M  w^'f  Deeocta,  or  decoctions,  are  impure  solutions  of  vegetable  principles,  which 
'•VOTHi-O'     are  obtained  by  boiling  parts  of  plants  in  water, 

'    i'vA*!*-  infusp,  or  infusions,  are  _solutions  obtained  by  soaking  parts  of  plants  in 

ii-'^^       water,  which  may  be  hot  or  cold,  but  is  not  kept  boiling.     Infusions  and 

-'■'i.jn-wttC' ^**''*'*'"'^  *"  weak  preparations  and  decompose  rapidly  so  that  they  are 

used  only  when  recently  prepared. 
IjmjaO  0^  Mjsii^a,  (U.  S.  P.),  or  mixtures,  are  preparations  in  which  substances  in- 

•     li;..yLosoluble  in  water  are  suspended  in  it  by  means  of  gums  or  similar  viscid  snb- 


Miatvrie   (B.  P.)   include  a  number  of  preparations  in  which  insoluble 

bodies  are  suspended  in  water  by  means  of  gums  or  syrup,  but  one  mixture 

contains  only  soluble  bodies. 

\^,j„_^ti^  EmuUaJJ].  S.  P.),  emulsions,  are  formed  by  suspending  oils  in  water  by 

^^wi^M/jmeans  oigums  or  other  viscid  bodies.    The  B.  P.  contains  no  official  emnl- 

^ gX-  ^yT^^C^^t^ions,  the  corresponding  preparations  being  known  as  wiatwa. 

Mucilagines,  mucilages,  are  solutions  in  wafer  of^gurasj^  starch,  and  sim- 

jlar  bboiea.  '  ' 

^7~^    <(  rt  ■Jifr"r'*j  syrups,  are  strong  solutions  of  sugar  in  wafer,  which  may  be  used 

a^"  *    *  rt*^''^^!  *"■  "^^y  ^  impregnated  with  more  active  bodies.     Similar  preparations 

f*"*U-k-Uv^ formed  with  honey  instead  of  syrup  (sometimes  known  as  mellita)  are  official, 

'^  as  Mel  Rosce  (D.  S.  P.),  Mel  Boracis  (B.  P.).    A  solution  of  honey  and 

acetic  acid  is  known  as  oxymel  in  the  B.  P.  (Oxymel  Scille). 

l/j^iaaga  (B.  P.)r  lotions,  or  washes.     This  term  is  used  to  designate  two 
U«-  preparations  of  mercury,  the  j>laek  and  yellow  wa^ 

b.  Alcoholic  Preparationa.  . 
It  is  to  be  noted  that  in  these  preparations  the  menstruum  (alcohol)  is  not 
an  indifferent  body  as  in  the  aqueous  preparations;  the  effects  of  some  of 
this  class  are  undoubtedly  due  rather  to  the  alcohol  than  to  the  dissolved' 
substances. 
Vtt-jV'j*-        ^ftrituj),  spirits,  are  solutions  of  volatile  bodies  in  alcohol,  and  often  owe 
oJicjb,!^  their  chief  action  to  the  solvent  and  not  to  the  drug  contained  in  it. 
,.j_  Elixiria  (U.  S.  P.),  elixirs,  differ  from  spirits  chiefly  in  containing  sugars, 

"^^^*'*'*1^whicli  are  added  in  order  to  give  them  taste. 

t  Tinctiuw,  tinctures,  are  solutions  in  alcohol  of  medicinal  substances,  which 
T^M™''*'^  ^™  generally  formed  by  soaking  parts  of  plants  in  it.  They  contain  both 
"^■^^^^J^JJ*  volatUe  and  non-volatile  ingredients,  but  the  latter  are  generally  the  more 
'?J»ifc%«      important. 

^Vos--^         Fluidextracta  (U.  S.  P.),  Extracta  Liquida  (B.  P.),  fluid  extracts,  are 
prepared  fFU&  plants  by  forming  solutions  in  water  or  more  ft«quently  in 
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akobol,  and  evaporating  them   nntil  tlie  solutions  contain   as  many  cabie  f  tuxA^l-)^ 
centimeteis  as  the  original  crade  dmgB  weighed  in  grammee;  that  is  the  fXUl^uiHa^ 
volnme  of  the  fluid  extract  correspoiids  to  the  weight  of  the  crude  drag.  &A  Uj>Su-.  e  t 

The  tinctures  and  fluid  extracts  are  the  most  commonly  used  liquid  prepara-O*  ^siou^iuJ 
tions,  and  moat  of  the  important  drugs  are  prepared  in  one  or  both  of  tu.  ^C4Aa,^v> 
these  fomis. 

"^ine  or  in  ^.uj^^J^U 

Sued  (B.  P.),  the  juices  of  fresh  green  plants,  obt^ned  by  pressure. 
Some  aleobol  is  added  to  preserve  them  from  patrefaction. 

c.  Other  Fluid  Preparations. 
_.  ,TJ.  S.  P.)  or  Glycerins  (B.  P.)  are  solutions  of  medicinal  eab-SupAJ*^.*^ 
glycerin.  ^j^CiUAM* 

CoUodia.  collodions,  are  solutions  of  medicinal  substances  in  collodion. 
(See  Part  VI.) 

Aceta,  or  medicated  vinegars,  are  solutions  of  medicinal  substances  in 
vinegar T»r  acetic  acid.  •  .       , 

Liaiimenta.  liniments,  embrocations,  are  preparations  in  which  active  rem-  }iuiAiiftit  uj 
edics  are  dissolved  or  suspended  in  dilute  alcohol,  oils,  or  water.     They  gen-(MAi5V<lt|C<» 
erally  contain  an  oil  or  soap  and  are  intended  to  be  applied  to  the  skin.  |\  w^^ — 

d.  Solid  and  Semi-Solid  Preparations. 

Extracta,  extracts,  are  formed  from  solutions  such  as  'if  jlr""-,  "lecoctions. 
or  inlnsiODS  by  evaporation,  which  is  continued  until  there  remains  a  solid 
mass.  1  be  extracts  thus  contain  all  the  substances  which  are  taken  up  by 
the  solvent,  except  those  which  are  driven  off  or  decomposed  by  the  temper- 
atore  at  which  evaporation  is  carried  on. 

^hil^  pills,  are  globular  masses  of  small,  size,  such  as  admits  of  their  i  f 

being  easily  swallow^.     They  are  formed  from  extracts,  or  from  powders,  ffjff  ^»»to/0, 
by  the  addition  of  some  substance  to  give  theni  the  necessary  cohesion  and  '_ 

consistency.  Pills  generpHv  -""[fj]]  '*^-'*^  ^  (2-5  grs.).  The  TJ.  S.  P.  de-  Z.-S'^J^ 
termines  the  eom^ASinon  and  size  of  the  official  pills,  so  that  the  dose  can 
be  modified  only  by  ordering  several  pills  to  be  taken  at  one  time.  The  B.  P. 
leaves  the  pills  unformed,  so  that  they  may  be  prescribed  of  any  size.  The 
Piluln  of  the  B.  P.  really  correspond  not  to  the  Pilulce,  but  to  the  Masse  of 
the  U.  S.  P. 

Masaa  (U.  S.  P.),  masses,  are  preparations  made  np  of  the  proper  consist- 
ency  lor  pills.     They  are  invariably  prescribed  in  the  form  of  pills.  , 

T^JT'^''"""'  confections  or  electuaries,  are  soft,  solid  preparations  conmst-  Vi>rf>  ti-i^ 
ing  of  sugar  or  honey  impregnated  with  some  more  active  body.  rO-  \j.>-<ju<.  *^ 

Sttppogitoria,  or  suppositories,  are  intended  for  insertion  into  the  rectum,  lijn**-^ 
uretnraL-Or  vagina,  and  are,  except  in  one  or  two  eases,  formed  by  miTing  . 

the  active  mgredient  with  ''°inr-'"'*t°''      (See  Part  VI.)     Suppositories  for  &rtuC -**3[ 
the  rectum  are  conical  in  sh&pe~and  weigh  about  a  gramme  (15  grs.).     Those 
for  the  urethra  are  of  the  same  weight,  but  are  pencil-shap»],  while  the 
v^inal  BupposilAriee  are  globular,  and  weigh  about  3  grammes  (46  grs.). 

P^r.rmi.  powders,  are  simply  dry  substances  in  a  state  of  fine  division. 
Most  of  the  official  powders  are  mixtures  of  several  active  bodies.  . 

TritttraticmM  (D.  S.  P.),  triturations,  are  formed  from  powders  by  diluting  V'hj"**'^ 
them  witb  nine  parts  of  sugar  of  milk.  <?Wli~WjJ*- 

Ttoehiaei,  troches,  or  loKenges,  are  solid  masses,  generally  of  a  flattened  ^^^ 
shape,  and  consist  of  powders  or  other  bodies,  incorporated  in  sugar  and  gum.  P>wrft^.f- 
A  very  friable  form  of  lozenge  known  as  Tahellce,  or  tablet  triturates  (not  4**j**.4  J^ww- 
official),  is  formed  by  pressing  in  moulds  a  mixture  of  powdered  sugar  and  a    ^  »uuii 
drugs,  al^tly  moistened  with  alcohol.  T^GiJ^ 
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LameUa  (B.  P.),  or  discs,  are  small  discs  fonned  of  gelatin  vith  some  ^- 
eerin,  each  weighing  ^o— itr  gr-  They  are  impregnated  with  an  active  dnig, 
and  are  applied  to  tiie  conjunctiva  in  order  to  elieit  the  local  effects. 

I^ngueuta,  ointments,  salves,  are  soft,  oily  substances  which  are  applied  to 
thesDD  Dy  rubbing.     (See  page  4S.) 

Olss^Of  Bolutiona  in  oleic  acid  resembling  the  ointments  in  appearance  and 

Cgrata.  (U.  8.  P.),  cerates,  resemble  ointments,  but  are  rendered  heurdg  by 
the  addition  of  wax.    .^See  page  51.) 

Kifuplaiitra.  piasiers,  are  adhesive  bodies  of  a  still  harder  conaisteni^  than 
cerates,  and  soften  on^Y  yhen  hpAted.     (See  Part  VI.) 

Charta,  papers,  are  preparations  of  active  subatances  which  are  spread  in 
r  are  incorporated  in  it  by  dipping  sheets  of  paper 

tlHOFFICIAL    Fb£PA£ATIONS. 

Cachetg.  are  thin  discs  of  dongh  of  the  shape  of  a  sonp-plate  and  varying 
from  Ys  in.  to  1^  in.  in  diameter.  When  two  of  them  are  placed  together 
with  their  concave  sides  toward  each  other,  they  form  a  receptacle  in  which 
powders  are  dispensed.  The  edges  stick  together  when  they  are  moistened. 
A  somewhat  similar  method  of  dispenung  is  in  gelatin  eavatdei.  which  may 
be  hard  or  soft,  and  which  are  made  in  different  sizes.  Thenard  capsule  is 
used  for  solids,  the  soft  for  liquids.  Sometimes  the  latter  contain  as  much 
as  15  C.C.  (V^  fl.  02.),  but  these  are  difQcult  to  swallow. 

Q^Qj^jggjg^ta,  or  poultices,  are  not  official  preparations  now,  but  are  in 
PwS^ifl  common  use.     They  are  generally  made  of  lif»|ffll  meal,  oatmeal,  or^^ead 

'vS^rV    k    cnuob,  which  is  formed  into  a  paste  with  hot  water,  enclosed  in  thin  "cotton 
applied  to  the  skdn.    ^H''tor^  and  other  remedies  may  be  added 


"-"uutA^J^  to  the  poultice  in  order  to  induce  speciJ  effects,  and  in  some  cases  a  poultice 
S4  •\fi»ff1M^  consists  merely  of  drugs  enclosed  in  a  cloth  sack,  as  in  charcoal  or  spice 
fc^tUltC+      poultices. 

flffVvujCll^-  Kjietn^tn  clysmata,  or  clysters,  are  liquid  substances  injected  into  the  rec- 

tum [orttieir  local  or  general  effects.     (See  page  32.) 

CLASSIFICATION  OF  DBUas. 

Writers  on  pharmacology  and  therapeutics  arrange  drugs  on  many  differ- 
ent principles.  Thos  a  somewhat  antiquated  system  classifies  the  vegetable 
remedies  according  to  the  botanical  families  from  which  they  are  obtained, 
but  there  is  little  advantage  in  this  arrangement,  for  an  order  may  include 
drugs  which  differ  entirely  in  their  action  and  in  the  therapeutic  uses  to 
which  they  are  put,  while,  on  the  other  hand,  two  widely  separated  botanical 
groups  may  contain  identical  poisons.  Another  classification  of  drugs  is 
according  to  their  therapeutic  effects,  and  this  might  seem  at  first  sight  the 
most  convenient  for  students  of  medicine.  This  plan  has  its  drawbacks, 
however,  for  many  drugs  are  used  for  a  large  number  of  different  purposes, 
and  it  is  impossible  to  describe  them  under  each  heading.  In  addition,  the 
classification  in  groups  is  always  liable  to  sorest  a  much  closer  resemblance 
in  the  effecta  of  the  individual  drugs  Qian  really  exists.  Thus  the  drugs 
often  classed  as  "  cardiac  stimulants "  differ  much,  not  only  in  their  effects 
on  the  body  in  general,  but  in  their  action  on  the  heart,  and  opinions  may 
differ  as  to  whether  some  of  them  stimulate  or  depress  the  heart.  They 
certainly  cannot  be  substituted  for  each  other  in  the  treatment  of  heart  dis- 
ease, as  is  suggested  by  their  being  classified  together  under  this  heading. 
Finally,  practical  therapeutics  can  be  taught  only  in  the  clinic,  and,  in  the 
teaching  of  pharmacology  it  seems  advisable  to  dii«ct  the  student's  attention 
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rstber  to  the  action  of  drugs  than  to  the  practical  uaes,  which  can  be  taught 
to  much  greater  advantage  in  connection  with  the  s^ptoms,  prognosis,  and 
other  clinieal  features  of  disease.  The  classiflcation  of  drugs  and  poisons 
according  to  their  action  on  living  matter  is  the  natural  one,  and  is  based  on 
the  same  logical  principle  as  the  modem  classification  of  plants  in  botany  and 
of  animals  in  zoology.  The  object  is  to  group  together  those  substances 
which  haye  moat  points  of  resemblance,  whether  they  are  obtained  from  the  I 
same  or  from  diSerent  orders  of  plants,  and  whatever  relation  they  may  1 
bear  to  each  other  in  therapeutics.  This  clas^fication,  which  was  introduced 
by  Buehheim,  has  be«n  farther  developed  by  Schmiedeberg  and  his  pupils. 
In  the  present  state  of  knowledge  it  is  necessarily  imperfect,  and  many 
resemblances  and  affinities  have  not  gained  that  recognition  which  they  will 
donbtless  receive  in  the  future.  Even  in  its  present  imperfect  form,  how- 
ever, this  classification  is  the  most  satisfactoiy  one  available,  and,  unlike 
the  others,  it  can  be  easily  si^jected  to  such  modifications  as  the  advance 
of  science  renders  necessary. 

Resemblance  in  pbarmacolc^ical  action  does  not  necessarily  involve  slmi-   { 
larity  in  chemical  composition,  as  has  been  already  pointed  oat.    Bot  it  ii 
found  that  in  many  instances  the  members  of  a  pharmacological  group  have 
some  general  chemical  character  which  distingui^ies  them  from  (Hhers. 

In  this  volume,  the  classification  adopted  is  that  of  Buehheim  and 
Schmiedeberg,  with  some  slight  alterationB  which  seemed  to  be  de- 
manded hy  recent  progress.  The  drugs  are  thrown  into  a  large  num- 
ber of  groups  which  are  named  from  ^e  most  prominent  member,  or 
from  some  marked  property  possessed  by  all.  These  groups  are 
arranged,  as  far  as  possible,  according  to  their  mutual  resemblances. 
It  has  been  found  advisable  to  retain,  for  the  most  part,  the  divisions 
into  organic  and  inorganic  drugs,  although  this  may,  perhaps,  have  to 
be  abandcmed  in  the  future.  The  first  series  of  groups  of  ^e  organic 
materia  medica  are  possessed  of  the  common  property  of  inducing 
more  marked  local  than  general  eifects,  and  these  may  therefore  be 
classified  in  one  large  subdivision.  The  second  division  of  the  organic 
drugs  is  formed  of  those  whose  pronounced  general  action  obscures 
their  local  effects,  when  these  are  not  entirely  absent.  The  first  few 
groups  of  this  division  are  formed  of  those  whose  chief  acticm  ia 
developed  on  the  central  nervous  system;  then  follow  those  which 
involve  more  especially  the  peripheral  organs ;  these,  again,  pass  into 
a  series  in  which  local  irritant  action  is  associated  with  powerful 
general  efFecta,  and  through  these  into  a  series  of  protoplasm  poisons. 
The  groups  of  the  inorganic  drugs  show  less  defined  affinities,  and  are 
much  more  difficult  to  classify  than  the  organic  aeries.  The  salts  of 
the  alkalies  and  alkaline  earths,  the  acids  and  alkalies  may  be  thrown 
into  a  large  and  somewhat  heterogeneous  division,  which  is  easily 
marked  off  from  that  of  the  heavy  metals,  which  have  many  points  in 
common  in  their  effects  in  the  organism,  as  in  their  chemical  reactions. 
The  latter  division  is  led  up  to  by  phosphorus  and  arsenic.  Another 
dass  is  formed  of  a  number  of  substances  which  are  either  present  in 
the  normal  body,  or  are  merely  substitutes  for  normal  secretions,  and 
the  final  class  is  composed  of  a  few  preparations  which  are  used  only 
for  their  mechanical  effects,  and  which  for  the  most  part  are  not  drugs, 
althou^  they  are  inclnded  in  the  pharmacop<Bias, 
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It  must  be  emphasized  that  no  attempt  ia  made  to  draw  hard  and 
fast  lines  of  demarcation  between  the  different  groups.  The  essential 
features  of  the  natural  system  involve  the  recc^nition  that  thia  is 
impossible.  It  has  therefore  been  considered  best  not  to  indicate  any 
definite  point  at  which  the  discussion  of  poisons  acting  on  the  central 
nervous  system  ends  and  that  of  the  drugs  with  peripheral  effects 
begins.  The  student  is  always  liable  to  lay  more  importance  on  such 
divisions  than  is  intended  by  the  writer,  to  list  those  on  one  side  of 
the  dividing  line  as  central,  those  on  the  other  as  peripheral  in  action, 
whereas  tbe  transition  is  gradual.  The  six  chief  divisions  are  there- 
fore the  only  ones  indicated. 


D,g,tza:Jb.GOOg[e 


t^iliuCjefi;a&~-  tt^k*ftTSW«^*    )(i^1S«r  .  %muA.A-«yW4,  WVvfcW*. 


PAKTI. 

ORGANIC  SUBSTANCES  WHICH  ARE  CHAR- 
ACTERIZED CHIEFLY  BY  THEIR 
LOCAL  AanoN. 

This  class  contains  a  very  considerable  part  of  the  drugs  included 
in  the  pharmacopceias,  although  it  bears  a  smaller  proportion  than 
formerly  to  the  other  classes.  There  is  still,  however,  in  it  a  large 
number  of  drugs  which  have  practically  identical  effects,  and  there  is 
no  question  that  it  might  be  considerably  curtailed  without  loss  to 
therapeutic  practice.  Many  of  its  members  are  irritants,  and  these 
have  been  subdivided  for  convenience  into  groups  according  to  the 
organs  on  which  they  exert  their  chief  action  and  the  purposes  for 
which  they  are  used  in  therapeutics,  as  gastric,  intestinal,  cutaneous 
irritants.  Othersact  as  protectiveSjCOveringinjuredsurfaces  (dauul-' 
cents,  emollients),  and  still  others  precipitate  the  proteids  on  the  sur-  | 
faces  to  which  they  are  applied  faatrinyqntal.  Others  seem  to  act 
chiefly  by  afl^ecting  the  taste,  and  finally  a  group  which  is  used  in  the 
treatment  of  intestinal  parasites,  has  been  inserted  here. 

L    DEinniCENT& 

A  large  number  of  colloid  sobstances — chiefly  gums,  dfgtrlns,  sugars 
and  starqhgs — owe  their  use  in  medicine,  not  to  any  changes  they  pro- 
duce mthecells  with  which  they  come  in  contact,  but  to  the  fact  that 
they  are  cohesive  and  serve  ti^  prMtffj  aurfnopn  imv-bnTiioi^lW.  When 
they  are  applied  to  a  sensitive  surface,  they  retard  the  movement  of 
fluid  or  air  against  it  and  thus  preserve  it  from  the  effects  of  these 
agents.  This  may  be  illustrated  by  familiar  examples  in  which  the 
taste  of  food  is  altered  by  their  presence,  although  they  have  often  no 
taste  or  odor  in  themselves.  Sugar  dissolved  in  mucilage  tastes  less 
sweet  than  in  water,  and  acids  are  also  less  appreciated,  as  may  be 
observed  in  many  fruits.  For  example,  the  raspberry  contains  more 
acid  and  less  sugar  than  the  currant,  but  in  the  former  the  acid  taste  is 
concealed  by  the  presence  of  large  quantities  of  colloids,  so  that  the 
raspberry  is  regarded  as  a  sweet  fruit,  the  currant  as  an  acid  one.  Even 
cold  is  felt  less  when  a  colloid  substance  ia  present  in  the  fluid  swal- 
lowed ;  thus,  ice-cream  or  iced  milk  does  not  feel  so  cold  on  the  tongue 
and  throat  as  frozen  water,  because  the  colloid  proteid  substances  form  ■ 
a  protecting  layer  over  the  surface,  and  prevent  the  cold  mass  from  I 
reaching  the  sensory  terminations  so  freely  as  it  otherwise  would.  A  I 
number  of  experiments  carried  out  by  Tappeiner'  show  that  other 
*  Tappei*er,  ATcMvea  internat.  d.  PhanuacodTD.,  z.,  p.  67. 
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organs  maj  be  protected  in  the  same  way  by  colloid  solutions.  Strong 
salt  solution  applied  to  a  motor  nerve  first  stimulates  and  then  slowly 
paralyzes  it,  but  Tappeiner  found  that  both  of  these  effects  are  much 
less  marked  if  the  solution  be  made  up  with  mucilage  instead  of  with 
water,  because  the  aalt  does  not  reach  the  nerve  so  readily.  In  the 
same  way,  intense  pain  is  caused  in  a  wound  by  strong  salt  solution, 
but  is  much  less  severe  if  the  solution  contain  colloid  material. 

When  demulcents  reach  the  stomach,  they  appear  to  coat  the  wall 
and  thus  to  alter  the  sensation  arising  from  food,  for  Quincke  found 
in  a  case  of  gastric  fistula  that  the  patient  could  distinguish  milk  from 
water  even  when  it  was  passed  directly  into  the  stomach,  and  Pawlow 
states  that  the  presence  of  starch  in  the  stomach  alters  the  secretion 
induced  by  food.  Tappeiner  found  that  much  less  inflammation  of 
the  intestine  is  caused  by  irritants  if  they  are  suspended  in  demul- 
cents than  if  they  are  dissolved  in  water ;  at  the  same  time  the  pres- 
ence of  colloid  unabsorbable  bodies  may  increase  the  efficiency  of 
purgatives  by  preventing  their  absorption  in  the  upper  part  of  the 
bowel.  The  digestion  of  proteins  outside  the  body  is  retarded  by  the 
presence  of  the  demulcents,  and  probably  this  is  also  true  of  the 
process  in  the  stomach.  Colloid  bodies  also  retard  the  absorption  of 
fluids  from  the  stomach  and  bowel,  and  this  leads  to  a  feeling  of  dis- 
tention, which  is  much  less  marked  if  the  same  amount  of  fluid  be 
swallowed  without  colloid ;  for  instance,  water  is  absorbed  more  rap- 
idly than  milk  or  beer. 

The  slow  absorption  of  colloid  fluids  allows  time  for  decomposition, 
and  this  may  give  rise  to  irritation  and  catarrh.  The  colloids  them- 
selves are  absorbed  very  slowly,  and  probably  only  in  a  condition  of 
semi-decomposition.  After  absorption,  they  are  oxidized  in  the  tissues 
and  therefore  act  as  foods  to  some  extent,  although  their  slow  absorp- 
tion prevents  their  being  of  much  value.  They  have,  of  course,  no 
effect  as  demulcents  after  absorption,  but  the  large  quantity  of  fluid 
with  which  they  are  generally  taken  may  be  of  benefit  in  some  con- 
ditions. 

Demulcents  ue  mad  to  cover  inflamed  surfaces;  in  tonsillitis,  for 
example,  they  may  be  applied  as  gargles,  or  better  by  sucking  lozenges 
containing  them.  They  are  not  often  applied  externally  for  this  pur- 
pose, as  they  are  liable  to  serve  as  m^Ja  foip  the  f^'-^^^t^  of  qugro- 
nrganimna.  In  gastric  and  intestinal  catarrh  their  use  is  objectionable 
for  the  same  reason,  their  slow  absorption  leading  to  decpmpogition 
with  the  formation  of  irritants,  which  may  do  more  harm  than  is 
counterbalanced  by  their  protective  action.  Instead  of  demulcents, 
some  of  the  oils,  such  as  olive  oil  (p.  50),  have  been  recommended  as 
protectives  in  disease  of  the  stomach  and  intestine. 

In  acute  irritant  poisoning  the  demulcents  are  often  of  great  value, 
as  they  protect  the  stomach  wall  from  the  effects  of  the  poison.  The 
beat  remedy  in  these  cases,  because  the  most  readily  obtainable,  is 
milk  or  white  of  e^s. 

Their  effects  in  retarding  the  absorption  of  other  remedies  may  be 
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taken  advantage  of.  Thus  when  the  effect  of  alcohol  on  the  stomach 
or  bowel  is  desired,  it  is  given  as  wine,  which  contains  colloid  material, 
and  is  therefore  absorbed  slowly;  it  must  be  noted,  however,  that 
these  same  colloids  delay  digestion  much  more  than  alcohol  itself.  In 
the  same  way  opium  and  extract  of  nux  vomica  are  prescribed  when 
the  local  action  on  the  bowel  and  stomach  is  desired,  while  the  pure 
alkaloids,  morphme  and  strychnine  are  administered  for  their  effects 
after  absorption. 

Demulcents  are  often  given  instead  of  pure  water  in  cases  where  it 
is  desired  to  administer  large  quantities  of  fluid,  as  they  have  more 
"  body  "  and  are  more  agreeable  tfi  the  taste.  Thus,  barley  water  or 
some  other  demulcent  may  be  advised  in  order  to  assuage  the  thirst  of 
fever,  or  to  dilute  the  urine  when  it  is  too  concentrated  or  too  acid. 

Demulcents  are  often  used  as  the  basis  of  enemata  which  are. 
intended  to  be  absorbed,  because  solutions  containing  colloids  are  less  I 
irritant  and  therefore  less  liable  to  set  up  peristalsis  than  pare  water.  I 
For  this  pnrpose  starch  solution  is  generally  used. 

Some  of  the  gnms,  notably  acacia  and  tragacanth,   are  seldom  1 
advised  as  demulcents,  but  are  often  prescribed  in  order  to  hold  in  I 
suspension  in  water  such  insoluble  bodies  as  resins  and  oils,  or  to  give 
cohesion  to  pills  and  lozenges. 

Pbbpabatiorb. 

/Afoda  (U.  S.  P.),  Acacin  Chunml  (B.  P.)  (gum  arabJc),  a  gummy  exuda- 
tion obtained  from  Aeacia  Seaegal,  coDBists  of  the  potaesiam,  magnesimn,  and 
caleinm  salts  of  a  weakly  acid  substance,  arabin  or  arabinic  acid  (C^,,0,1. 
It  is  soluble  in  equal  parts  of  water,  and  is  used  as  a  demalcent,  but  more 
largely  as  a  Tohicie  for  other  drugs. 

1/  MtrcTLAQO  AcAci.«  (U.  8.  P.,  B.  P.).— About  1  part  acacia  in  2  of  water.     ,    -  , 
Dose,  16  c.e.  (4  fl.  dra.).  JM^  't*^* 

»  iSyruptM  ^cocMB  (U.  S,  P.).   f"^ 

^ TngMuitlia  (TJ.  S.  P.,  B.  P.),  a  gummy  exudation  from  various  species 
of  Astragalus,  contains  salts  of  arabin  and  tragacanthin.     Tragaeanthin  differs 
from  arabin  in  not  dissolving,  bat  merely  swelling  tip  into  a  jelly  in  water.  \ 
Tragacanth  is  used  chiefly  to  anspetnl  hpnw  powders  in  water. 

MuCiLAfflX.  Tpini^f^^wnr^    fW     M     p^    fl     -p  1  ^    fnr^o^    nf   timpieanth. 
fflyit'rin  unA  wntir.     In  the  B.  P.  alcohol  is  used  instead  of  glycerin.     Dose,        ,,    . 
16  C.C.  (4  fl.  dM.).  "f  ^' 

Olyeennum  Tragacanthee  (B.  P.),  a  solution  of  tragacanth  in  glycerin  and 

Ptdvie  TragacanthtB  Compoattua  (B.  P.),  contains  tragacanth,  gum  acacia, 
storch  and  sngar.    Dose,  20-60  grs. 

J  JmY^ja  (U.  8.  P.,  B.  P.),  or  starch,  may  be  formed  into  a  jelly  by  boil-l 
ing  m  w^er,  and  may  then  be  used  for  the  same  purpose  as  the  demulcents.  | 

GlyeeHtwn  AmyU  (U.  S.  P.),  Glyeerinum  AmyU  (B.  P.),  ia  a  jelly  formed 
by  heating  starch  with  water  and  glycerin. 

Amygdala  Dnlds  (TJ.  S.  P.,  6.  P.),  or  sweet  almonds,  the  seed  of  Pmnns 
amygdala  dnlcis,  contains  a  fixed  oil  and  emnlsin,  a  ferment,  but,  unlike  the 
bitter  almond,  no  amygdalin.  When  triturated  with  water  it  forms  an 
emulsion,  or  mixture,  which  is  bland  and  demulcent. 

EmtOsum  Amygdala  (V.  8.  P.).     Dose,  120  e.c.  (4  fl.  oe.). 

Puhit  Amygdalte  Compositua  (B.  P.),  contains  sugar  and  acacia  with 
almond. 
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^ ^  Sympua  Amygdala  (U.  S.  P.)  is  fonned  from  a  mixture  of  sweet  and 

bitter  afanonda,  and  therefore  contains  b.  small  proportion  of  pruseic  acid, 

but  ma;  be  used  in  the  same  way  as  the  demulcents  with  perfect  safety. 

/    CHycyirhiM   (U.  S.  P.),  OlycyirhlMB  Radix   (B.  P.),  or  liquorice-root, 

tbe  root  of  Glycyrrhiza  glabra  (var.  glandnlifera),  b  used  as  a  demulcent,  and 

bn)ia  more  largely  to  flavor  medicines.     It  bas  a  pleasajit,  poe^t  tast«,  owing 

to  the  presence  of  Glycyrrhisin,  an  acid  glueodde,  which  is  combined  with 

yjS^i^^O       calcituu  and  ammonia  in  the  plant,  and  is  not  soluble  Jn  cold  water,  but 

'  swells  up  in  it  to  a  jelly-like  mass.     Glycyrrhizin  is  probably  decomposed  in 

the  body;  the  urine  is  often  found  to  contain  a  reducing  body  after  the 

administration  of  liquorice. 

ExTRACTUM  GLTCTBHH1Z.B  (U.  S.  P.,  B.  P.).     Dose,  1  G.  (15  grs.). 
'  'i-  Extiactum  GlucyrrhiitE  Purum  (U.  S.  P.).     Dose,  1  G.  (15  gn.). 

Fhixdextractum  GtyeyrflltaB  (U.  S.  P.),  Extractwm  Glycyrrhita  lAqmdMm 
Xlfi.        (B.  P0~  Dose,  2  c.c.  [3n"mins.). 

Glycyrrhinnufn  Ammontatum  (U.  S.  P.),  the  ammonium  salt  of  glycyr- 
rhizin. 
.  PuLvia  Gltctbrhb^  Coupositcs  (D.  S.  P.,  B.  P.),  contains  senna.   Dose, 

Trochisci  Glyctrrhjz*  et  Opn  (U.  S.  P.), 
ljj<tji».yMt*>il^  MiBTCRA  GLTCYBRHIZ4B  Cqjjposita _{U.  S.  P.),  " BTOWM_3f iitMre,"  eon- 
'^-'Vs'-'-    tains  opium,  a^ninony  and  sprits  of  nitrons  ether.    iToseTTS^SO  c.c.   (1-2 
tablespoon  fuls). 

I  The  ej^ct  is  largely  used  in  the  form  of  lozenges  for  its  demulcent  ac- 
tion, and  is  very  frequently  used  to  make  up  pills.  It  is  slightly  laxative, 
and  may  be  used  as  a  pleasant  aperient  for  children;  the  compound  powder 
is  more  reliable  for  this  purpose  owing  to  its  containing  senna,  one  of  the 
vegetable  purgatives. 

The  lozenges  and  tbe  brown  mixture  contain  opium  and  are  used  largely 
in  cou^  and  in  catarrh  of  the  air  passages. 

Numbers  of  other  substances  are  used  as  demulcents  in  domestic  medicine, 
and  are  found  in  different  pbannacop<eias.  Examples  of  these  are  sassafras  - 
pith  (Sasaafraa  Medulla,  Mueilago  Sassafras  MedtdUe  T^S.  P.),  slippery 
e\m/(UlmUB,  ISvcOago  Ulmi  U.  8.  P.),  marEbmallow  TOotMj^thxa  U.  S.  P.), 
linseed^ (Ltnum  U.  S.  P.,  B.  P.),  barley  (Hordeum),  Bt^^  verbascum  and 
qnince  seeds.  Iceland  moss  is  a  lichen  (Cetraria  islandica),  and  contuns 
starch  bodies  together  with  acids,  which  can  be  removed  by  soaking  in  dilute 
alkaline  solutions  for  some  time.  Irish  moss  or  Carragheen  (Chondrtu  U. 
S.  P.),  a  seaweed  gathered  on  the  coasts  of  Ireland  and  IHassacbusetts,  eon- 
tains  a  carbohydrate,  carrageenin.  The  decoction  forms  a  jelly  when  cold, 
and  was  formerly  supposed  to  fonn  a  valuable  food  in  illness,  but  it  is  of 
little  value  for  this  purpose,  for  only  about  jVA  of  the  jelly  is  solid  matter, 
the  rest  water.  Couch-grass,  the  rhizome  of  Agropyrum  repens  (Triticum 
U.  S.  P.)  is  used  in  the  form  of  a  decoction  as  a  beverage  in  fever,  and  to 
dilute  the  urine.  It  has  a  certain  popular  reputation  as  a  diuretic  in  sup- 
pression of  the  urine,  calculus,  etc.,  but  this  is  entirely  unmerited,  for  it 
increases  tbe  urine  simply  by  the  water  given  with  it. 

n.    EMOLLXEHTS. 

Emollients  are  bland,  oily  aubatancea  which  are  applied  to  the  skin 
to  protect  it  from  irritation,  and  to  render  it  softer  and  more  elastic, 
\  and  thus  bear  tbe  same  relation  to  tbe  skin  as  the  demulcents  to  the 
I  mucous  membranes.  Their  effect  in  rendering  the  skin  softer  and 
more  pliable  may  be  due  in  part  to  their  penetration  into  the  aurf ace 
layera,  but  may  also  Be  explained  by  the  slight  congestion  induced  by 
the  rubbing  and  massage  used  in  their  application.  
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The  older  emollienta  were  chiefly  animal  and  vegetable  fata  and 
oils,  hut  aeveral  newer  drugs  of  this  class  are  derived  from  petroleum. 
The  effects  of  these  drugs  when  applied  to  the  skin  are  purely  local. 
No  doubt  some  small  percentage  is  absorbed  into  the  tissues,  but  this 
has  no  known  effect  in  man,  and  although  the  fats  and  oils  are  val- 
nahle  foods  when  taken  internally,  this  plays  no  part  in  their  effects 
when  applied  to  the  akin. 

The  emollient  preparations  promote  the  absorption  by  the  skin  of  I 
drugs  dissolved  in  them,  because  they  mix  readily  with  the  thin  layer  I 
of  oily  sebaceous  matter  which  covers  it.  The  active  substances  dis-i 
solved  in  them  therefore  come  into  intimate  contact  with  the  absorb- 1 
ing  cells  lining  the  ducts  of  the  glands,  while  watery  solutions  are 
separated  from  the  living  cells  by  a  layer  of  sebum.  If  this  layer  be 
dissolved  off  by  alcohol,  watery  solutions  are  also  absorbed  rapidly, 
and  alcoholic  solutions  are  absorbed  as  quickly  as  oily  solutions,  be> 
cause  the  Aldnhn]  in  mJHmhle  with  the  sebum.  On  the  other  hand 
solutions  in  water  come  into  more  intimate  contact  with  the  cells  of 
the  mucous  membranes  and  with  the  subcutaneous  tissues,  and  are 
therefore  more  readily  absorbed  by  these  than  oily  solutions.  To 
ensure  rapid  absorption,  a  drug  should  be  dissolved  in  some  emollient 
if  it  is  to  he  absorbed  by  the  skin,  in  water  when  it  is  to  be  adminis- 
tered internally  or  hypodennically.  Solutions  in  oil  of  such  anti- 
septics as  carbolic  acid  are  much  less  powerful  than  those  in  water, 
because  carbolic  acid  being  more  soluble  in  oil  fails  to  diffuse  into  the 
watery  protoplasm  of  the  microbe,  for  which  it  has  leas  affinity. 
(See  Antiseptics  of  the  Benzol  Series.)  But  antiseptics  which  are  | 
more  soluble  in  water  than  in  oils  are  said  to  be  equally  active  in 
both  solvents. 

The  emollients  are  applied  as  protectives  in  abrasions,  cuts,  bruises,  t 
chapped  bands,  bums ;  they  are  less  often  used  alone  in  extensive  skin  I 
diseases,  but  are  usually  prescribed  in  these  as  the  basis  of  ointments  | 
in  which  other  remedies  are  incorporated.     There  is  no  question  that 
the  protection  afforded  to  the  part  and  the  exclusion  of  the  air  by 
the  oily  emollient  plays  an  important  part  in  the  action  of  these  reme- 
dies, and  it  seems  probable  that  in  many  cases  equally  good  results 
would  follow  the  application  of  the  emollient  without  any  active 
ingredient. 

The  emollient  ointments  are  also  applied  to  wounds  and  mucous  i 
membranes  as  protectives  and  also  as  vehicles  for  other  remedies.  \ 
Here  they  have  a  more  lasting  effect  than  watery  applications,  which  | 
ere  more  readily  absorbed.  Emollients  are  seldom  applied  to  the  1 
mouth  because  of  their  unpleasant  oily  taste,  but  the  eye>  nose,  1 
urethra,  vagina  and  rectum  are  often  treated  wi^  them. 

Pbbpabationb. 

^   Advps  (U.  6.  P.,  B.  P.),  lard;  the  prepared  internal  fat  of  the  abdomen 

of  the  pig,  purified  by  washing  in  water,  melting  and  Btruning. 

■»•  Adepa  Beiuoinattu   {V.  8.  P.),  Adept  Bentoattu  (B.  P.),  bonzoinated 
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Urd,  is  prepared  from  lard  hj  tbe  addition  of  benzoin,  which  is  slightly  anta- 
septie  and  preserves  it  from  becoming  rancid. 
'^       Ukgp^ntom  (U,  S.  p.),  ointment,  is  a  miztare  of  lard  and  yellow  wax. 
It  *as  formerly  known  as  Ungnentum  Simplex,  and  is  the  basis  of  many 
other  ointments. 

Vnguentum  Diachylon  {V.  S.  P.)  is  formed  from  lead  plaster  and  olive  oil, 
perfnmed  with  oil  of  lavender.  The  lead  is  inert,  the  action  being  identical 
with  that  of  ordinary  ointment. 
^  UuauENTUM  Aqd-b  Ros^  (U.  S.  p.,  B.  P.),  cold  cream,  is  formed  of  sper- 
maceti, white  wai^  oil  of  almondB,  and  some  borax,  scented  with  rose  water. 
V  Sevum  Pnepuatnm  (U.  S.  P.,  B.  P.),  mutton  suet,  is  obtained  from  the 
abdominal  fat  of  the  sheep. 

Lard  and  suet  have  the  ordinary  constituents  of  animal  fats,  stearin,  pal- 
mitin  and  olein.     They  are  seldom  used  alone,  but  form  the  basis  of  nomer- 

Ions  ointments.  These  animal  fats  tend  to  putrefy,  and  are  then  rendered 
irritant  by  the  presence  of  free  acids  (rancidity),  and  have  therefore  been 
replaced  to  a  considerable  extent  of  late  years  by  other  preparations  which 
do  not  Buffer  from  this  drawback. 
tf  Adeps  lone  Hydrosus  (H.  S.  P.,  B.  P.),  hydrous  wool-fat,  lanolin,  the 
poriSed  fat  of  sheep-wool,  mixed  with  not  more  than  30  per  cent,  of  water. 
■J      Adepg  Lana  (U.  S.  P.,  B.  P.),  wool-fat  without  water. 

/Lanolin  has  boen  used  extensively  in  medicine  only  in  the  last  few  years. 
It  consists  of  cholesterin  esters  with  some  impurities,  does  not  hcflpmo  «ii. 
nd,  and  differs  from  the  older  fats  also  in  being  miscible  in  twice  its  weight 
ra*water  without  losing  its  ointment  consistency.  Lanolin  is  very  often  used 
as  an  emollient  application,  as  well  as  to  form  a  basis  for  more  active  drugb. 
Petrolatea  or  Parafflna.  When  the  more  volatile  constituents  of  petroleum 
are  distilled  off,  there  remain  a  number  of  higher  hydrocarbonB,  chiefly  of 
the  marsh  gas  series,  which  are  used  in  medicine  as  emollients.  The  lower 
of  these  hydrocarbons  are  fluid  at  ordinary  temperatures  and  are  known  as 
•^  Petrolatum  Liquidum  (U.  S.  P,),  Paraginttm  Liquidum  (B.  P.),  a  colorless, 
oily  transparent  liquid  without  odor  or  taste.  When  these  are  removed  there 
remains 

■^  Pbtbglatdm  (U.  S.  p.)  aJid  Petholatdm  albuu  (U.  S,  P.),  PARAinmnf 
ifOLLE  (B.  P.),  soft  petrolate,  vaselin,  which  has  the  consistency  of  an  oint- 
ment, is  yellow  or  white  in  color,  and  is  liquefied  a  few  d^rees  above  the  tem- 
perature of  the  blood.  When  the  distillation  is  carried  further,  the  residue 
is  solid  at  ordinary  temperatures,  and  is  known  as 

'  Paraffitnim  (U.  S.  P.),  Paraffinum  Durum  (B.  P.),  or  hard  paraffin,  which 
melts  at  a  somewhat  higher  temperature  than  vaselin. 

Unguentum  Para^ni  (B.  P.)  is  a  mixture  of  three  parts  of  hard  paraffin 
with  seven  parts  of  vaselin. 

I  By  mixing  the  petrolates  a  salve  of  any  desired  consistency  may  be  ob- 
tuned.  Soft  petrolate  is  mors  extensively  used  than  the  others  bs  an  emol- 
lient and  as  a  basis  for  ointments,  and  has  the  advantage  over  the  older  lard 
and  suet  that  it  does  nnt  hw-nn^p  rn^^^^jf^  Liai]i^,-{igtrolate  has  been  used  to 
dissolve  irritant  substances  for  subcutaneous  injection,  as  less  pain  is  caused 
than  when  water  ia  used. 
/  Several  Oils  are  also  used  as  emollients. 

Olevm  Oliva  (U.  S.  P.,  B.  P.),  olive  oil,  a  fixed  oil  obtained  from  the  ripe 
finjit  of  the  olive,  Olea  europEca, 

Oleum  Uni  (U.  S.  P.,  B.  P.),  Linseed  or  Flaxseed  oil. 
^    Oleum  AmygdaUe  Expressum  {U.  S.  P.),  Oleum  AmygdtUa  (B.  P.),  a 
flxa^  oil  expressed  from  bitter  or  sweet  almonds.    It  is  to  be  distinguished 
(Klr'ftu.         from  the  volatile  oil  obtained  from  the  bitter  almonds.    The  fixed  oil  eontain? 
no  pnisdc  acid. 
f  Oleum  (Sosaypii  Seminw  (U.  S.  P.),  Cotton-seed  oil. 
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OImim  Jdipis  (XJ.  8.  P.),  oil  of  lard. 

Tbeee  all  reaerable  each  other  in  their  composition,  and  ma;  be  nsed  as 
emollients.  Olive  oil  ia  generallj  preferred  to  the  others,  bat  is  mnch  more  | 
ezpensiTe,  and  it  is  probable  that  much  of  the  so^ialled  olive  oil  is  rei^;  I 
purified  eotton-eeed  oil.  Olive  oil  has  been  advised  as  a  cholagogne,  bat  has  ' 
been  shown  by  more  exact  methods  of  research  to  have  no  effect  whatever 
on  the  secretion  of  the  bile.  It  sometimes  gives  relief  in  biliary  colic  and  dys-  , 
entery  and  in  some  gastric  disorders  accompanied  by  pyloric  spasm,  probably  f 
from  its  acting  as  a  protective  to  the  mneons  membrane  of  the  stomach  and} 
dnodentim.  A  wineglassful  is  ^ven  two  or  three  times  a  day  before  meals  i\ 
in  theee  laige  doses  it  possesses  a  lugh  f""d  Tnlll° 

Gara  Plav*  (U.  S.  P.,  B.  P.),  yellow  wax.     Cera  Alba,  white  wai. 
•''Oetaceiim  (V.  S.  P.,  B.  P.),  spermaceti,  obtained  from  the  cachelot  (Phya- 
eter  macrocephalus],  one  of  the  whales. 

These  three  preparations  are  not  used  alone,  hnt  are  often  added  to  the 
emollients  and  ointments  in  order  to  give  them  a  firmer  consistency,  which  is 
especiaDy  desirable  in  hot  climates  and  in  summer. 

Ceratvm  (U.  S.  P.),  a  mixture  of  3  parts  of  wax  with  7  of  lard. 

tjnguentuM  Cetaeei  (B.  P.),  is  a  mixture  of  white  wax  and  spermaceti  and 
olive  or  almond  oil. 

^  Gltcebindu  (U.  S.  p.,  B.  p.),  Glycerin,  a  liquid  obtuned  by  the  decom-  -^^      JikiA'A 
position  of  animal  or  vegetable  fats  or  fixed  oils,  and  containing  not  less  than^i      ^!lok*i  A^ 
95  per  cent,  of  absolute  glycerin,  C,H,{OH),;  clear,  colorless,  of  a  syrupy T,'*"-'^^^ 
eonsistenee,   i^W  tn  th^   t/ini-.h.   with   .   cwo.^\«t..   an^   pn   nUnr.   sohible  in  OWi^.  **ii» 
water  and  alcohoL 

Glycerin  is  used  as  a  solvent  for  a  number  of  other  drugs,  the  prepara- 
tions being  known  as  gljjceriteB  (U.  B.  P.),  glycerines  (B.  P.)- 

Glycerin  is  somewhat  irritant  to  the  unbroken  akin,  when  it  ia 
applied  in  the  pure  form,  and  even  diluted  glycerin  canses  pain  anJ 
smarting  when  it  is  applied  to  unprotected  surfaces  such  as  cuts  or 
hums,  hut  the  pain  soon  disappears,  and  glycerin  then  acts  as  a  pro- 
tective. The  irritation  ia  due  to  the  glycerin  abstracting  the  fluids 
of  the  tissues  owing  to  its  avidity  for  water.  Glycerin  and  its  prepa- 
rations are  used  very  extensively  as  applications  to  slight  wounds,  in 
irritation  of  the  skin  and  lips  from  exposure  to  cold,  and  in  similar 
conditions.  They  are  often  applied  to  bard,  dry  crusts  on  the  skin 
in  order  to  soften  them  and  permit  of  their  removal. 

The  irritant  action  of  glycerin  causes  periatalsJa  and  evacuation  of 
the  bowels  when  small  quantities  are  injected  into  the  rectum;  the 
stool  is  of  almost  ordinary  consistency,  and  no  pain  or  colic  is  felt 
subsequently,  nor  does  the  remedy  cause  more  than  one  evacuation 
Glycerin  may  be  injected  into  the  rectum  for  this  purpose  (dose  2-5 
C.C.,  jr-1  teaspoonful),  but  a  more  convenient  form  is  the  glycerin  sup- 
positones,  Supposttoria  Qlycerial,  which  are  made  up  with  stearic  acid 
and  sodium  'carbonate,  U.  a.  P.,  with  gelatin,  B.  P.  These  supposi- 
tories are  found  not  to  keep  well,  as  the  glycerin  tends  to  attract 
moisture  and  then  escapes;  to  avoid  this  they  are  often  encased  in 
paraffin,  which  is  broken  off  immediately  befdre  they  are  inserted. 
Glycerin  suppositories  are  used  in  constipation  instead  of  the  ordi- 
nary aperients.  Large  doses  of  glycerin  taken  internally  sometimea 
cause  purgati<in,  but  it  is  not  a  reliable  remedy  when  administered  in 
this  way. 
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Glycerin  in  lai^  quantities  is  potfonoas  whether  it  is  taken  by  the  mouth 
or  injected  hypodennicall;  or  Jntravenously.  It  is  tme  that  no  case  of 
glycerin  poisoning  in  man  is  known,  but  large  doses  are  fatal  to  nniinnlH  in 
the  course  of  a  few  hours.  The  chief  symptoms  are  restlessQesB,  agitation, 
acceleration  of  the  heart  and  respiration,  general  weakness,  tremor  and 
convulsions,  which  finally  end  in  somnolence,  coma,  and  death  from  failore 
of  the  respiration.  The  convulBions  are  marked  only  after  large  doses, 
when  they  may  assume  a  tetanic  character.  A  rise  in  the  temperature  has 
been  noted  by  eeveral  observers,  followed  by  a  fall  which  continues  until 
death,  Olomemlonephritis  has  also  been  observed  in  animals.  Glycerin  is 
absorbed  rapidly  from  the  intestine,  and  nnderg^oes  combustion  in  tbe  tissaes, 
only  a  very  amaU  fraction  of  it  reappearing  in  the  urine. 

It  follows  from  the  fact  that  glycerin  is  oxidized  in  the  tissaes  that  it  must 
I  supply  the  body  with  energy  and  act  in  some  sense  as  a  food.  This  is  of 
I  interest  chiefly  because,  the  ordinary  fats  being  compounds  of  glycerin,  a 
1  certain  amount  must  be  contained  in  the  food,  but  it  is  siso  of  some  thera- 
I  peutic  importance,  because  glycerin  has  been  advised  as  a  food  in  inanition, 
I  and  has  even  been  said  to  rival  cod-liver  oil.  In  respect  to  its  value  as  a 
I  food,  glycerin  resembles  ordinary  alcohol,  being  readily  absorbed,  and  un- 
doubtedly increasing  the  total  enei^y  of  the  body. 

Glycerin  has  been  said  to  have  some  effect  on  the  sugar  formation  in  the 
tissues.  In  some  forms  of  experimental  glycosuria,  apparently  less  sugar  is 
found  in  the  urine  if  glycerin  be  administered,  and  in  a  certain  number  of 
cases  of  diabetes  in  the  human  subject,  some  improvement  is  said  to  have 
occurred  under  glycerin  treatment.  No  satisfactory  explanation  of  this 
point  bas  been  offered.  Quite  apart  from  its  suppcned  action  on  diabetes, 
glycerin  has  been  used  as  a  substitute  for  sugar  in  this  disesse,  but  its  place 
bas  been  taken  of  late  years  by  saccharin. 

IOlywrin  has  been  shown  to  possess  some  virtue  as  an  antiseptic,  probably 
from  its  withdrawing  •wii.^ct-  from  the  microbes,  but  like  the  oils  (page  49)  it 
is  a  less  suitable  polventfor  many  anClBE^cs  than  water. 

Along  with  the  emollients,  or  oily  protectives,  may  he  mentioned 
another  class  of  mechanical  agents,  the  IhutliiK  Powders.  Any  dry, 
insoluble,  fine  powder  applied  to  irritated  surfaces  of  the  skin,  or 
plight  abrasions,  will  protect  these  from  the  air,  and  from  contact  with 
the  clothes  and  other  sources  of  pressure-  These  powders,  at  the 
same  time,  soak  up  any  secretions,  and  render  the  injured  spot  leas 
liable  to  bacterial  infection,  as  they  form  a  more  or  less  impermeable 
crnst.  Powders  used  for  this  purpose  should  not  be  absorbed,  or,  if 
absorbable,  should  not  induce  any  toxic  effects.  Those  moat  com- 
monly employed  are  the  phosphate  and  carbonate  of  lime,  talc  (Taicum, 
Talcum  Purificatum,  U.  S.  P.),  (magnesium  ailicate),  fullers'  e^th 
and  kaolin  (aluminum  silicates),  stardi,  and  Lycopodium  (TJ.  S,  P.), 
which  consists  of  the  spores  of  Lycopodium  clavatum  (club  moss). 

A  large  number  of  powders  are  used  as  surgical  dressings,  most 
of  them  being  credited  with  more  or  less  antiseptic  power.  In  many 
instances,  however,  their  antiseptic  action  is  so  slight  that  it  would 
appear  that  most  of  their  virtues  are  due  to  their  mechanical  pro- 
perties, and  not  to  their  bactericidal  action. 
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m    SUOABS  AND  Fi:.&VOBIHe  bitsstAkoes. 

Sugars  are  used  in  medicine  chiefly  to  diaguise  preparationa  of 
unpleasant  taste,  and  in  the  small  quantities  usually  employed  have 
litde  further  effect  In  large  quantities  sugars,  like  other  diffusible 
bodies,  act  as  irritants  to  the  stomach  and  bowel,  and  comparatively 
small  quantities  of  some  sugar  aubstauces  possess  an  aperient  action. 
Thus  molasses  and  imperfectly  refined  sugar  have  some  reputation  in 
domestic  medicine  as  aperients,  and  honey,  manna,  Caasia  fiatula, 
and  several  fruits  are  included  as  mild  laxatives  in  the  pharmacopoeias. 
They  are  scarcely  prescribed  alone  in  medicine,  but  are  used  to  give 
bulk  to  preparations  of  the  stronger  purgatives,  such  as  senna.  Their 
aperient  action  seems  to  be  due  to  Uieir  colloid  form,  as  pure  sugar 
has  no  sQch  effect,  and  it  is  possible  that  they  merely  delay  the  absorp- 
tion of  fluid,  and  thus  cause  softer  evacuations  than  would  other- 
wise occur. 

Pebpakations. 

Sacchanua  (U.  S.  P.))  »arfii*nim  Fniiflcatnm  (B.  P.),  cane  sugar. 

Byrufus  (TT.  S.  p.,  B.  P.)i  a  concentrated  solution  of  sugar,  gymp  is  the 
basia  of  a  targe  number  of  medicated  sympa  of  the  pharmacopoeias.  Sugar 
and  syrup  are  used  esclosivel;  to  sweeten  mixtures  and  to  aid  in  the  suspen- 
sion of  insoluble  bodies.  In  place  of  ordinary  syrup  many  of  the  flavored 
preparations  may  be  used,  such  as  syrup  of  citric  acid,  of  acacia,  of  ahnonds, 
«ta. 

Sacfihanunjiastis  (U.  S.  P.,  B.  P.],  sugar  of  milk,  lactose,  is  not  bo  sweet 
as  ordinary  sugar,  and  is  mucb  less  liable  to  deliquesce,  so  that  it  is  used    g,     ^tf— 
largely  to  give  bulk  to  powders.     It  has  been  said  to  have  diuretic  properties    ^**'^»'»  i* 
wben  ^ven  with  large  quantities  of  water,  and  to  cause  purgation  when    f-f^A*-^ 
given  in  a  more  concentrated  solution.    Asses'  milk  contaioB  more  lactose 
than  cows'  milk,  and  bas  been  recommended  for  its  alight  aperient  action  in 
chronic  constipation. 

Haltnm  (U.  S.  P.),  malt,  barley  grain  partially  germinated  and  then  dried. 

Ei^raetum  Malti  (TT.  S.  P.).     Dose,  16  c.c.  (4  fl.  drs.). 

Mel,  honey,  and  Mel  BepunUum  (U.  S.  P.,  B.  P.),  or  clarified  honey,  ore 
used  to  give  taste  to  mixtures,  and  have  a  very  slight  aperient  action,  so  that 
they  may  be  advised  as  articles  of  diet  in  habitual  constipation.  Some 
medicated  honeys  are  used,  of  which  Mel  Roaee  is  included  in  the  U.  S.  P., 
Mel  Borada  in  the  B.  P. 

Oxyrnel  (B.  P.]  is  a  mixture  of  boney  and  acetic  acid.    Dose,  1-2  fl.  drs. 

Syntput  Glucosi  (B.  P.),  a  mixture  of  liquid  glucose  and  syrup. 

A  number  of  saccharine  preparations  with  a  slight  aperient  effect  are 
ingredients  of  the  preparations  of  the  more  powerful  purgatives.  Thus 
manna  {Manna  U.  8.  P.)  obtained  from  the  flowering  ash,  is  contained  in  the 
Infnsum  Sennw  Co.  U.  S.  P.,  and  purging  Cassia  (Cassia  Fistula,  V.  S.  P., 
Casaix  Pulpa,  B.  P.),  tamarinds  (Tamarindua,  U.  S.  P.,  B.  P.),  flgs  (Fieus, 
U.  8.  P.,  B.  P.)  and  prunes  (Prunum,  U.  S.  P.,  B.  P.)  form  eonstituents 
of  the  confection  of  Senna  and  other  preparations. 

They  are  not  prescribed  alone,  but  the  fruits  may  be  advised  as  articles  of 
diet  where  a  mild  laxative  is  required.  The  tamarind  pulp  may  owe  its 
aperient  action  in  part  to  the  presence  of  tartrates,  citrates,  malates  and 
other  cathartic  salts.     (See  Saline  Cathartics.) 

Frequently  other  flavors  are  preferred  to  sugar,  which  is  especially 
disliked  in  fever  cases,  as  sweet  fluids  do  not  quench  the  ^rst  bo 
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effectually  as  acids  and  bitters.  Many  of  the  preparations  of  the 
volatile  oils  and  some  of  the  demulcente  are  used  almost  exclusively 
as  flavoring  agents,  and  in  some  both  sugar  and  volatile  oil  are  com- 
bined, as  in  the  syrups. 

Instead  of  sugar  some  artificial  compounds  have  been  introduced  of 
late  years.   Glnsiilnm  (£.  P.),  BenzOBnlphinidnm  (XI.  S.  P.),  or  Saccharin, 

eflH4<^g^^NH,  and  its  sodium  salt,  CeH^<(g^>NNa,  or  soluble 

saccharin  are  the  best  known  of  these.  Saccharin  is  a  light,  white 
crystalline  powder,  soluble  in  400  parts  of  water  and  in  25  parts  of 
alcohol.  It  is  about  500  times  as  sweet  as  sugar,  and  gives  a  distinct 
flavor  to  70,000  times  its  weight  of  water.  It  does  not  taste  exactly 
like  sugar,  however,  there  being  a  distinct  flavor  besides  that  of  sweet- 
ness, and  patients  generally  object  to  it  after  a  short  time.  They 
have  been  used  as  substitutes  for  sugar  in  diabetes^  a  disease  in  whi<ji 
sugar  is  to  be  avoided  as  far  as  possible.  Some  writers  state  that  in 
the  presence  of  saccharin  the  digestive  ferments  act  more  slowly  than 
usual,  but  the  retardation  is  oidy  trifling  and  does  not  preclude  the 
use  of  saccharin  in  the  small  quantities  necessary  to  sweeten  the  food. 
Even  very  large  doses  of  saccharin  may  he  injected  intravenously  in 
animals  without  other  effect  than  some  depression  and  stupor. 

Some  pharmacopmial  preparations  are  designed  to  gjve  color  to  eolations, 
bat  are  seldom  or  never  prescribed,  altboogh  they  are  sometimes  added  by 
^  pharmacist. 

.^ong  these  are  cochineal  {Coccus,  V.  S,  P.,  B,  P.,  Tmctura  Cocci,  B.  P.) 
and  saifron  (Croau,  B.  P.). 

IV.    SDCFLE  BITTERS. 

This  group  includes  a  number  of  substances  which  have  little  in 
common  except  their  bitter  taste  and  their  comparative  inactivity  in 
the  body.  Several  alkaloids  may  be  placed  in  it,  Berherine,  Burine, 
Menispermine  and  Canadine,  for,  although  these  are  poisonous  in  very 
large  quantities,  they  are  harmless  in  those  in  which  they  are  con- 
tained in  the  preparations  used  in  therapeutics.  In  addition  to  these 
there  may  be  placed  in  it  numerous  neutral  bodies,  possessing  an 
intensely  bitter  taste,  but  with  little  or  no  further  action,  such  as  the 
Quassiins,  Columbin,  and  a  few  weak  acids  and  glucosides. 

Pharmacological  Action. — These  substances,  or  rather  the  prepara- 

I  tions  containing  them,  are  largely  used  in  therapeutics  in  order  to 

I  increase  the  appetite,  and  their  administration  is  often  followed  by  a 

/  distinct  improvement  in  the  digestion  and  an  increase  in  weight. 

AllmentaiT  Tract, — These  effects  are  explained  by  the  action  of  bitter 

substances  in  increasing  the  secretion  of  gastric  juice,  which  has  been 

shown  to  occur  in  man  and  animals  by  a  number  of  experiments. 

This  is  not,  however,  through  the  bitters  acting  on  the  gastric  mucous 

membrane  directly,  for  when  they  are  applied  through  a  gastric 

fistula,  they  have  no  specific  action  on  the  secretion.     Pawlow  has 
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shown  that  the  chief  factor  f^^t  f^t}ffmijn^»ji  tTip  nctivity  of  the  gastric 
aecretion  is  the  odor  an^~taBte  of  food ;  thus  in  doga  with  ossophageal 
&tul8e,  m  wJucb  the  food  swallowed  does  not  pass  into  the  stomach 
but  escapes  through  a  wound  in  the  oesophagus,  the  taste  and  odor 
of  food  cause  a  profuse  secretion  of  gastric  juice  fpaychical^pp'^rptinnV 
Rif^npi  gi'vpn  Bbortlv  before  <"'jjmont  t\^\f^  rpflpx.  and  the 'same  effect 
is  seen  when  the  mouth  is  merely  rinsed  with  bitter  soiution.  The 
action^f  the  bitters  ia  therefore  to  increase  the  psychical  secretion  of 
gastric  juice,  possibly  because  of  the  contrast  offered  by  the  bitter  and 
^e  pleasant  tastes.  The  inference  may  be  drawn  that  the  therapeutic 
effects  are  best  elicited  when  the  bitters  are  given  shortly  before  a 
meal,  and  this  accords  with  universal  experience.  And  the  use  of 
the  bitters  ia  attended  with  bpnpfit  only  in  cases  in  which  the  gastric 
jjiice  is  defij^ent.  The  increase  of  the  gastric  juice  is  followed  as 
usual  by  a  more  active  secretion  by  the  pancreas.  In  addition,  it  is 
to  be  remembered  that  the  improvement  is  largely  subjective,  and  that 
the  bittere  are  capable  of  producing  a  considerable  impression  upon 
patients,  so  that  die  effecte  may  be  due  in  part  to  suggestion  and  not 
to  any  real  action  of  the  drug. 

In  comparison  with  their  effects  on  secretion,  the  other  changes  induced 
in  the  alimeDtai;  tract  by  the  hittera  are  insignificant.  They  have  little  or 
no  effect  on  the  activity  of  the  fermenta  in  themselves  but  the  tannin  and 
colloids  of  the  usnal  preparations  may  retard  their  action.  And  they  do  not 
affect  the  growth  of  bacteria  or  yeasts.  Absorption  from  the  alimentary  tract 
and  the  movements  of  the  stomach  and  bowel  are  not  altered  by  their 
presence.  The  salivary  secretion  is  generally  augmented  by  bitter  tastes  and 
some  increase  in  the  leucocytes  and  red  cells  of  the  blood  is  said  to  occur 
after  their  use. 

Action  after  Absorption. — In  very  large  quantities  some  of  the  bitters 
produce  effects  that  are  obviously  due  to  their  absorption.  These  have 
seldom  been  observed  io  man,  but  have  been  studied  in  animal  experiments. 
Tbns  Compardon  states  that  in  many  individuals  0.12  6.  of  guoBsiitt  produces 
burning  in  the  throat  and  stomach,  discomfort,  headache,  nausea,  and 
vomiting.  In  flies  and  other  insects  it  has  a  narcotic  action.  Columbin  and 
eetrarin  were  found  by  Eobler  to  increase  the  blood  pressure  by  stimulation 
of  the  vasomotor  centre  when  they  were  injected  intravenously,  Rsmni 
states  that  the  intravenous  injection  of  cetrarin  causes  irritation  of  the 
stomach  and  bowel,  purging  and  vomiting,  and  general  paralysis  of  the 
central  nervous  system,  which  is  preceded  by  convulsions  in  mammals.  He 
did  not  observe  any  increase  in  the  blood  pressure.  Both  the  glucosides  of 
condurango  produce  in  dogs  ataxia  and  loss  of  coordination,  with  increased 
movement,  and  eventually  convulsions,  and  death  follows  in  12-72  hours  or 
longer.  The  brain  seems  the  part  chiefly  affected  in  mammals,  althoi^b  the 
reflex  excitability  of  the  spinal  cord  is  also  augmented  in  the  frog  (Jukna). 
Bvsi»e  possesses  considerable  antiseptic  power,  and  prevents  the  movement 
of  leucocytes  and  of  the  lower  oi^^anisms  in  the  same  way  as  quinine.  Large 
doses  often  cause  vomiting,  confusion,  giddiness  and  tremor,  with  diarrbcea 
in  dogs,  but  are  sometimes  without  effect.  Aristolockine,  which  has  been 
found  in  several  species  of  Aristolochia,  and  probably  occurs  in  the  ofQcia) 
srapentary,  produces  in  rabbits  acute  necrotic  nephritis,  with  albnminnria 
and  nmmic  symptoms.  In  dogs  it  causes  a  very  marked  fall  of  blood  pres- 
snre,  and  hemorrhages  -in  the  intestinal  mucous  membrane,  but  no  nephritis. 
The  poisonous  action  of  aristolochine  is  very  similar  to,  but  much  more 
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powerfnl  than  that  of  Bloin  (Pohl).  Lupulime  acid  obtained  from  hops, 
when  injected  as  a  neutral  salt  into  the  blood,  cansee  firet  stimulation  and 
then  paralysis  of  the  medullary  centres,  but  has  very  little  effect  when  given 
b;  the  stomach  even  in  lai^  doses  (Dreser).  In  beer  an  oxidized  product 
of  lupuliuic  acid  occurs,  which  has  no  effect  even  when  injected  into  the 
blood.  Berberine  is  a  very  widely  distributed  alkaloid  of  the  pyridine  series 
(C,,H„NO,),  and  when  administered  in  very  large  quantities  per  os,  causes 
diairhoa,  and  occasionally  vomiting,  tremor,  acceleration  of  the  pulse  and 
respiration  and  general  weakness,  from  which  the  animal  recovers  only 
slowly.  Its  subcataneoas  or  intravenous  injection  is  followed  by  the  same 
symptoins,  but  paralysis  of  the  hind  extremities,  convulsions,  and  asphyxia 
frcnn  failure  of  the  respiratory  centre  may  occur  when  it  ia  administered  in 
this  way,  while  the  lai^gest  quantities  are  not  fatal  when  exhibited  by  the 
stomach.  The  acceleration  of  the  pulse  seems  due  to  paralysis  of  the  inhibi- 
tory terminations  ia  the  heart,  and  is  accompanied  by  a  fall  of  blood  pres- 
sare  from  the  effects  of  the  alkaloid  on  the  vasomotor  centre  and  on  the 
heart  directly.  Berberine  has  been  credited  with  causing  contraction  of  the 
uterus  and  of  the  spleen,  but  this  is  disputed.  It  has  also  been  said  to 
resemble  quinine  in  its  effects  on  bacteria  and  on  the  leucocytes,  but  only  in 
very  strong  solution.  Berberine  seems  to  be  excreted  in  part  by  the  kidney 
unchanged,  and  is  said  to  cause  nephritis  in  lai^  doses. 

The  cotoin  of  Coto  bark,  and  the  paracotoin  and  other  constituents  of 
Paracoto  bark  are  said  to  cause  dilatation  of  the  intestinal  vessels  when  they 
are  injected  intravenously  or  perfused  through  the  mesenteric  vessels.  Para- 
cotoin ia  much  weaker  than  cotoin. 

Orexine  (C„H,^,),  an  artificial  base,  seems  to  stand  midway  between  the 
peppers  and  the  bitters  in  its  action,  as  it  is  somewhat  more  irritating  than 
most  of  the  latter.  Injected  into  the  frog  it  induces  paralysis,  which  is  ap- 
parently of  peripheral  origin,  and  its  subcntaneous  application  in  mammals 
is  followed  by  tremor,  tonic  and  clonic  convulsions,  dyspncea,  acceleration 
of  the  heart  and  vomiting.  It  has  some  antiseptic  action,  and  tends  to  form 
methtemoglobin  when  mixed  with  the  blood.  Ko  symptoms  have  been  ob- 
served from  its  use  in  man,  except  increased  appetite  and  augmentation  of 
the  gastric  secretion,  and  in  a  few  cases  a  feeling  of  heat  in  the  throat  and 
some  nausea. 

Peepabations. 

Qratdana  (U.  8.  P.),  OentiuiEB  Radix  (B.  P.),  gentian,  the  root  of  Oenti- 
ana  Intea,  contains  a  glucoside,  gentiopicrin,  a  neutral  body,  gentisin,  and 
a  trace  of  tannic  acid.     1  O.  (15  grs.). 

O.I  '/'"'»        EXTRACTCM  GBNTLiN^ffl  (U.  S.  P.,  B.  P.),  0.1-0.5  G.    (2-10  gTS.). 

^  t^Fluidextractum  Gentiana  (U.  S.  P.),  0.5-2  c.c.  (10-30  mins.). 
f*-  t-  TiNOTURA  Qes-nMSM  Composita   (U.  S.  P.,  B.  P.),  containing  gentian, 

^^^**  bitter  orange  peel,  and  cardamom,  2-16  c.c.  (Vr^  fl.  drs.). 

Infwum  Gentiarke  Compositum  (B.  P.),  containing  gentian,  bitter  orange 
peel,  and  fresh  lemon  peel,  ^A-1  A-  oz. 

Quassia  (U.  S.  P.),  Quassin  Lignnm  (B.  P.),  the  wood  of  Picnona  ezeelsa, 
contains  several  neutral  bitter  substances,  resembling  each  other  closely 
chemically  and  known  as  qaassiina. 

ExTBACTDM  QuAsaia  (U.  S.  P.),  0.05-0.2  G.  (1-3  grs.). 
Fluidextractum  Quassite  (U.  S.  P.),  0.5-2  c.c.  (5-30  mins.). 
I  -M  'TTiNOTURA  QuAssti!  (U.  S.  p.,  B.  p.),  1-4  cc.  (15-16  mins.). 
Infusum  QcAsaLe  (B.  P.),  */^l  fl.  oz, 

Oalumba  (U.  S.  P.),  OalumbB  Radix  (B.  P.),  columbo,  the  root  of  Jateor- 
rhiza  palmata,  or  Columba,  contains  colnmbin,  a  neutral  body,  columbic  acid, 
and  the  alkaloid  berberine. 

Fluidextractwn  Calumbis  (V.  S.  P.),  1-2  c.c.   {15-30  mins.). 
i^  _(^^NCrD!tA  Calukb.*:  (U.  S.  P.,  B.  P.),  4r-16  c.c.  (1-4  fl.  dra.). 
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Ih/msum  CtHumba  (B.  P.),  %-l  fl.  oz. 

Ofalrato  (U.  S.  P.,  B.  P.),  Chiretta,  the  plant  Swertia  chirata,  eontwns  ■ 
glocoside,  ehiratin,  and  ophelic  add. 

FluidextTactum  Chirata  (U.  S.  P.),  0.3^1  c.c.  (5-15  mins.). 

Tinctura  Chiratx  {B.  P.),  4-8  c.c.  (1-2  fl.  dre.). 

Infuatim  Chiratte  (B.  P.),  Vz-l  fl.  oz. 

Taruucnm  (U.  .S.  P.),  the  root  of  the  dandelion,  Taraxaenm  officinale, 
contains  two  neutral  bitter  substances. 

Extractum  Taraxad  (U.  S.  P.),  0.3-1  G.  (5-15  grs.). 

Flmdextraetum  Taraxaci  (U.  8.  P.),  4-12  c.c.  (1-3  fl.  drs.). 

Barboiifl  (U.  S.  P.),  barberry,  the  rhiMme  and  roots  of  various  species  of 
Berberis,  contains  berberine  and  tannin,  2  G.  (30  grs.). 

Fluidextractum  Berberidia  (U.  S.  P.),  2  c.c.  (30  mins.). 

Pareira  (IT.  S.  P.),  the  root  of  Gbondrodendron  tomentosnm,  contains  an 
alkaloid,  buxine. 

Flutdextractum  Pareira  (U.  S.  P.),  £-8  c.c  (W-2  fl.  drs.). 

Seipentuia  (U.  S.  P.),  snake-root,  the  rhizome  and  roots  of  Aristolochia 
serpentaria  and  of  Aristolochia  reticnlata,  contains  a  volatile  oil,  aa  unknown 
bitter  principle,  and  perimps  an  alkaloid,  aristolochine, 

Fluidextractum  SerpentaryB  (U.  S.  P.),  1-2  c.c. 

Tinelura  Serpentaria  (U.  S.  P.,  B.  P.),  2-8  c.c.  {i^-l  fl.  dr.). 

Hnmnlas  (U.  8.  P.),  hops,  the  strobiles  of  Homnlus  lupulns,  and  Lnpnlin, 
a  glandular  powder  separated  from  hops,  contain  a  volatUe  oil,  a  bitter 
neutral  substance,  lupniin,  Inpnlinic  acid,  and  resins. 

FluidextToetam  Lupulim  (U.  8.  P.),  2-8  c.c.  (y2-2  fl.  dre.). 

Oleoresina  Lupulini  (U.  S.  P.),  0.1-0.3  G.  (2-5  gre.). 

Otuparia  or  Angostura  bark,  the  dried  bark  of  Cnsparia  fcbrif  uga,  contains 
four  or  more  alkaloids,  cusparine,  cusparidine,  galipine,  and  galipidine,  along 
with  a  volatile  oil  and  a  neutral  bitter  stuS. 

NwUndra  Oort«x,  Bebeem  bark,  contains  an  alkaloid  which  is  now  known 
to  be  buzine,  but  which  has  been  called  beberine,  bibenne,  or  bebeerine 
hitherto. 

Oondnnago,  the  bark  of  Gonolobus  coudorango,  contains  two  glucosides 
of  giTpilaT-  properties,  and  has  been  used  a  good  deal  of  late  years  as  a  stom- 
achic bitter.    It  was  formerly  credited  with  a  specific  action  on  epithelioma. 

Ostraiic  acid,  or  cetrarin,  is  obtained  from  Iceland  moss  (see  page  48), 
and  has  been  recommended  as  a  bitter  in  doses  of  about  0.1  G.  (2  grs.),  in 
tablets. 

Goto  bark,  whose  origin  is  still  doubtful,  conttuns  cotoin  (C„H„0,),  and 
has  been  used  to  form  a  fluid  extract.  Dose,  0.3-1.5  c.c.  (5-20  mins.). 
Cotoin  has  been  prescribed  in  the  dose  of  0.03-0.2  G.  (%-5  grs.). 

Orazine  Hydrochlorate,  C^^N.C^.C.H.HCl,  is  a  colorless,  crystallin« 
body,  soluble  in  about  15  parts  of  water,  with  a  bitter,  somewhat  pungent 
taste.    It  is  prescribed  in  powder  or  tablets.    Dose,  0.3  G.  [5  gi^.). 

Bael  fruit,  or  Bengal  quince,  was  formerly  contained  in  the  B.  P.,  but  ha< 
been  omitted  in  the  last  edition.  Very  little  is  known  regarding  its  action 
or  principles,  bnt  it  may  perhaps  have  some  effect  as  a  bitter. 

Many  other  bitter  Btomachics  might  be  enumerated,  some  of  which 
have  been  used  largely  \n  former  times,  but  as  they  are  all  identical  in 
their  eGFects,  it  seems  unnecessary  to  do  so. 

Instead  of  the  simple  bitters,  cinchona  and  nux  vomica  preparations 
are  often  used  in  small  quantities.  Many  of  the  preparations  which 
will  be  enumerated  under  thfe  volatile  oil  series  owe  much  of  their 
eiFect  to  the  bitter  which  accompanies  the  volatile  oil,  and  in  numerous 
other  pharmacopceial  preparations  bitters  are  present,  although  their 
effect  is  bidden  by  the  action  of  the  drug  in  oUier  directions. 
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Therapautlc  Uees. — The  bitters  are  used  diiefly  to  increase  the  appe- 
tite and  the  digestion.  In  convalescents,  in  persons  of  sedentary 
habits,  and  occaBionally  in  chronic  dyspeptic  conditions  they  are  of 
value,  while  in  cases  of  more  acute  gastric  irritability  and  in,  hyper- 
acidiW.  they  may  do  .harm  rather  than  good.  Gentian,  Quassia, 
Cfi^iba  and  Chirata  are  the  only  simple  bitters-  that  are  largely 
used,  and  the  first  is  much  the  most  important.  They  are  generally 
prescribed  as  tinctures,  fluid  extracts  or  other  fluid  preparations. 
The  last  three  may  he  prescribed  with  iron  preparations,  as  they  con- 
tain little  or  no  tannic  acid  and  thus  cause  no  precipitate.  Fills  are 
sometimes  prescribed  with  extract  ol  gentian  or  quassia,  but  it  seems 
open  to  question  whether  these  ingredients  have  really  any  effect 
when  given  in  this  form,  as  the  bitter  tsste,  on  which  their  action 
depends,  is  largely  concealed.  Compound  tincture  of  gentian  is 
sometimes  used  to  give  flavor  rather  than  for  any  effect  on  the 
digestion. 

Quassia  infusion  (ten  per  cent.)  is  injected  as  an  enema  in  the 
round  worms  of  children. 

Several  of  the  drags  mentioned,  such  as  taraxacum  and  gentian,  have  been 
nippoeed  to  have  a  specific  action  on  the  liver,  but  there  are  no  Bufficient 
groouds  for  this  belief.  The  ^apposed  virtaes  of  pareira  as  a  diuretio  and 
of  beiherine,  boxine,  and  other  alkaloidB  as  substitutea  for  quinine  in  ma- 
laria have  also  proved  to  have  no  foundation,  and  the  popular  reputation  of 
hops  as  a  norcotie  probably  arises  from  its  association  with  alcohol  in  beer, 
Cotoin  and  Goto  bark  are  said  to  have  some  special  effect  in  lessening  diar- 
riicea,  in  addition  to  their  action  as  bitters. 
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V.    VOLATILE  on.  SEBIE8. 

The  group  of  volatile,  ethereal,  or  essential  oils  contains  a  large 
number  of  preparations  in  the  pharmacop(eias  of  all  countries. 
These  oils  are  obtained  from  plants  by  diatillation.  or  more  rarely 
by  pressure,  and  must  be  diatinguished  by  the  student  from  thefatty 
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ftT  fJTOiT  fiila^  ■ff^ijpVi  ofA  Tifm-ynlatilp  The  Volatile  or  ethereal  oils 
are  found  chiefly  in  the  fruits  and  flowering  parte  of  plants,  and  are 
very  widely  diffnsed  thfoUgh  the  v^etable  Kingdom,  though  some 
orders,  such  aa  the  Labiats,  Umbellifene,  Aurantiacefe,  Crucifene, 
and  Ooniferse,  are  preeminent  in  their  production.  They  are  all 
strongly  odg{{Q^,  and  are  therefore  used  in  perfumery,  and  to  con- 
ceal nauseous  odors  and  tastes  in  medicine. 

Their  eomposition  is  extremely  vambte.     Tbe  conmionest  constituents  are 
es,  and  some  oik  contain  these  only,  while  in  a  few  oils  no  terpene 


qegieB,  and  possess  the  general  formula  (C.H.),.  The  great  majority  of  tfaem, 
OT  the  terpenes  proper  ( C.JI,.) ,  are  cOUUUfations  of  a  dihydrubenzol  with 
propyl  and  methyl  { C^,  ( ll,J  C^CH,) .  Some  twelve  terpenes  of  tins 
formula  are  known,  varying  in  their  chemical  structare  and  in  their  stereo- 
metrical  form.  Another  group  of  these  hydrocarbons  is  formed  by  the 
Sesquiterpenes  (C,^„),  while  a  few  Diterpenes  (C_H„)  are  known.  Some 
volatile  oils  consist  of  these  hydrocarbons  only,  but  many  of  them  contain  in 
addition  some  oxidized  aromatic  substances,  such  as  phenols,  ketones,  alde- 
hydes, acids  and  their  oompomids;  aa  instances  of  these  may  be  cited  camphor, 
thnjon  (from  oil  of  absinth),  sabinol.(oiI  of  savine),  safrol,  thymol, 
encalyptol,  myristicin  and  vanillin.  Many  of  these  oxidized  products  crystal- 
lize out  when  the  volatile  oil  is  cooled  sufficiently,  and  especially  on  long 
standing,  and  the  resulting  solid  is  known  as  a  Stearoptene,  while  the  fluid 
remaining  is  sometimes  called  Elteoptene.  Tbe  oils  containing  oxygen  are 
not  so  volatile  as  the  pure  hydrocarbons,  but  the  odor  is  often  due  chiefly 
to  the  oxidized  substances.  A  very  few  oils  contain  nitrogenous  bodies, 
generaUy  in  the  form  of  cyanides,  while,  on  the  other  hand,  the  majority  of 
the  vob^dle  oils  of  the  Crucifene  contain  sulphur  bodies,  which  lend  them 
a  pungent  disagreeable  odor,  quite  different  from  that  of  tiie  other  oils. 

The  volatile  oils  are  generallT  t^lear.  nnlorless  fluids,  although. some 
of  them  are  greep  from  tbe  presence  of  small  quantities  of  vegetable 
coloring  matter,  while  others  are  blue  in  color  from  the  presence  of  a 
terpene  derivative  (azulene).    After  long  keeping  they  often  acquire 
a  yellowish  color  and  an  acid  reaction,  from  tbe  formation  of  resins. 
They  are  generally  light,  sparkling  flnjda-  but  the  oils  of  copaiva  and 
cubeba  are  more  viscid.     They  are  insoluble  in  water  except  in  very  \ 
small  amount,  which,  however,  is  enough  to  lend  their  characteristic  j 
odor  to  the  solution ;  in  strong  alcohol,  ether,  benzol,  chloroform,  and  ) 
fixed  oils,  they  are  freely  soluble. 

Many  of  the  plants  from  which  the  volatile  oils  are  obtained 
possess  other  active  constituents,  such  as  bitters,  and  as  many  of  the 
preparations  used  in  therapeutics  are  formed,  not  from  the  distilled 
oils,  but  from  the  crude  parts  of  plants,  it  must  be  noted  that  the  oil 
is  not  the  only  active  principle  in  them.  A  series  containing  mem- 
bers which  difl^er  so  widely  chemically,  and  which  in  fact  have  only 
their  volatility  and  their  aromatic  nucleus  in  common,  could  not  be 
expected  to  have  a  uniform  action  in  the  animal  organism.  It  ia 
found,  however,  that  they  resemble  each  other  in  their  therapeutic 
properties,  because  they  are  used  almcet  solely  for  their  local  action, 
and  that  in  only  small  quantities. 


..L.OO' 


.glc 


f  60  -         US6ASiaSVBSTANC£^ACTIl{<LL0CALL7.     »     .  j^- 

)  Action  Eztenalljr.^ — The  volatile  oils  all  poEseas  antiseptic  propei^ 
ties,  which  are  doubtless  due  in  part  to  their  volatility  enabling  them 
to  penetrate  readily  into  protoplasm  and  to  lessen  its  vitality  by 
acting  as  foreign  bodies.  In  addition,  they  are  nearly  related  to  the 
benzol  series,  the  members  of  which  are  all  antiseptics  and  proto- 
plasm poisons.  They  differ  a  good  deal  in  their  germicidal  power, 
and  are  much  more  poisonous  to  the  moulds  than  to  the  bacteria. 
The  terpenes  are  not  generally  so  strongly  antiseptic  as  the  other  con- 
stituents, and  these  last  vary  much  in  their  activity,  as  well  as  in 
their  relative  amount  in  the  oils. 

/Their  volatility  may  also  explain  their  irritant  action  in  part,  for 
most  other  volatile  substances  are  more  or  less  irritant,  but  here 
again  their  relation  to  the  phenols  and  benzol   cannot   bo   ignored. 
Applied  to  the  skin,  they  cause  redness,  itching  and  warmth,  owing 
"~''~  lay  oe  due  ' 


a  local  dilation  of  the  vessels,  which  may  oe  due  to  the  penetration 
of  the  oil  to  the  cutaneous  arterioles  or  veins,  or  to  a  reflex  from  the 
irritated  terminations  of  the  sensory  nerves  acting  on  the  vasomotor 


.  When  painted  on  the  mucous  membranes,  such  as  those  of  the  eye 
lor  nose,  or  on  wounds, the  volatile  oils  cause  similar  irritation,  which 
I  is  betrayed  by  redness  and  congestion,  pain  and  smarting. 

Action  on  tho  Alimentary  OanaL — Strong  solutions  of  the  oils  act 
as  irritants  in  the  mouth.  They  have  generally  a  hot,  burning  taste, 
and  if  kept  in  the  mouth,  cause  redness  and  irritation  of  the  mucous 
membranes,  although  some  of  them  induce  a  sense  of  coolness  at  first. 
At  the  same  time  the  organs  of  smell  are  affected  by  these  oils,  vrhich 
are  almost  all  possessed  of  characteristic  odors.    The  irritation  of  the 

I  mouth  leads  to  a  reflex  secretion  of  jajif  a,  which  is  often  very  pro- 
fuse. The  antiseptic  action  of  the  oils  is  exercised  in  the  mouth  as 
elsewhere,  and  may  have  a  beneflcial  effect  in  some  conditions. 

On  passing  into  the  stomach,  the  oils  cause  the  same  sensation  of 
warmth  in  that  organ,  and  this  is  accompanied  by  a  sense  of  well- 
being  and  comfort,  the  appetite  ia  often  increased,  and  any  feeling  of 
distention  after  meals  is  relieved.  This  is  often  attended  by  the  eruc- 
tation of  quantities  of  gas.  Substances  which  produce  these  effects  in 
the  stomach  are  known  as  carmimiivea.  and  many  explanations  of 
•their  action  have  been  offered.  The  oils  undoubtedly  act  as  anti- 
septics here  as  elsewhere,  and  may  hinder  the  development  of  yeasts 
and  other  organisms  and  thus  be  of  benefit,  but  this  would  not  give 
the  immediate  feeling  of  relief  which  is  often  experienced  after  a 
small  quantity  of  these  remedies.  The  process  of  digestion  seems  to 
be  rather  retarded  than  accelerated  by  the  presence  of  the  oils,  as  far 
as  can  be  judged  by  test-tube  experiments  and  by  some  measurements 
made  by  Buchheim  on  the  digestion  of  animals  with  gastric  fistulte. 
The  secretion  of  the  gastric  glands  has  been  said  to  be  increased  by 
the  direct  action  of  the  volatile  oils,  but  this  has  been  disputed.    But 

I  it  must  not  be  forgotten  that  the  most  powerful  stimulant  to  gastric 
secretion  is  the  smell  and  taste  of  food,  and  that  substances  of  egree- 
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able  taate  and  odor  cause  a  marked  increase  in  the  gastric  jnice  hj 
reflexes  from  the  mouth  and  nose.  The  eructation  of  gas  certainly 
fiuggests  that  the  volatile  oils  accelerate  the  movements  of  the  I 
stomach,  and  this  has  been  repeatedly  confirmed  by  the  direct  obsei^  ' 
ration  of  the  stomach  walls.  Brandl  has  also  shown  recently  that  ab- 
sorption occurs  much  more  rapidly  from  the  stomach  in  the  presence 
of  slight  irritants,  such  as  the  volatile  oils.  Finally  it  must  be  added 
that  many  of  the  beneficial  effects  are  purely  subjective;  the  patient 
has  a  feeling  of  warmth  and  comfort  in  the  region  of  the  stomach, 
arising  from  the  slight  irritation  and  consequent  hypersemia  of  the 
mucous  membrane,  but  this  does  not  necessarily  indicate  any  marked 
alteration  in  the  processes  of  digestion  or  in  the  movements  of  the 
stomach. 

Similar  effects  are  believed  to  be  produced  in  the  intestine,  for  the 
administration  of  these  oils  is  often  followed  by  an  improvement  in 
its  condition,  manifested  by  lessened  flatulence  and  distention,  and 
relief  is  given  by  their  use  in  some  forms  of  colic.  The  antiseptic 
action  may  play  a  part  in  these  effects.  Scanzoni  and  Famateiner 
have  recently  shown  that  the  intestine,  like  the  stomach,  absorbs  more 
rapidly  in  the  presence  of  small  quantities  of  the  oils.  Whether  the 
peristaltic  movements  of  the  bowel  are  increased  is  quite  unknown. 
It  is  believed,  however,  that  their  administration  lessens  the  pain  and  I 
griping  produced  by  some  of  the  more  powerful  purgatives,  and  I 
several  pharmacopoeial  preparations  are  formed  on  this  theory,  which 
is  supported  by  many  years  of  clinical  experience. 

A  considerable  increase  in  the  leucocytes  of  the  blood  follows  their 
ingestion  by  the  mouth,  but  this  is  observed  in  congestion  of  the 
stomach  and  intestine  from  other  causes  and  is  not  induced  by  the 
subcutaneous  or  intravenous  injection  of  the  volatile  oils,  so  that  it 
cannot  be  regarded  as  a  specific  effect.  Wintemitz  found  that  irrita- 
tion of  the  pleura  causes  less  purulent  exudate  in  animals  treated 
with  some  volatile  oils  than  in  controls  which  were  not  treated  in  any 
way,  and  concludes  that  the  presence  of  the  oils  in  the  blood  lessens 
the  exudate  and  also  promotes  its  absorption ;  he  is  inclined  to  regard 
this  antiphlogistic  action  as  a  result  of  the  leucocytosis  and  of  a  sup- 
posed attraction  exercised  on  the  leucocytes  by  the  oils,  which  pre- 
vents their  wandering  into  the  tissues. 

Excretion. — Like  other  bodies  of  the  aromatic  series,  they  tend  to 
undergo  a  partial  oxidation  in  thf  bndy ;  thus  the  terpen^^^^^^Sj^ 
become  terpenols  ("CinHmQTT),  ant^  several  derivatives  of  the  ter- 
penes  have  been  shown  to  undergo  a  similar  change  of  a  hydrogen 
atom  to  hydroxyl,  while  others  which  contain  the  -OH  group  origi- 
nally, remain  unaltered.  The  odor  of  the  original  oil  or  "f  thpsw 
derivatives  may  often  be  detected  in  the  brealli,  showing  that  a  small 
part  IS  excreted  by  the  lungs,  and  possibly  traces  may  be  eliminated 
by  the  sj^jn.  Some  also  escapes  by  the  Iddney  uncomblned  and  im- 
parts an  odor  to  the  urine  either  of  the  original  oil  or  of  some  oxygen 
derivative ;  for  instance,  oil  of  eucalyptus  or  of  turpentine  gives  the 


..L.OO' 


.glc 


y  62  OBQAiflC  BVSSTAUCSa  ACTISa  XOCALLJ. 

urine  a  violet  odor.  But  mnch  of  the  bydroxyl  product  is  combined 
)  with  glucuronic  acid  and  escapes  in  the  urine  in  this  form,  while 
f  some  m&y  combine  to  form  conjugate  sulphates.  The  glucuronic 
'  acid  reduces  Fehling's  solution,  espceiallj  when  the  urine  is  pre- 
\  vioudy  boiled  with  acid,  so  that  the  volatile  oils  were  formerly 
I  credited  with  inducing  glycosuria.  Some  of  the  constituents  of  the 
I  oils  are  oxidized  to  acids  and  excreted  in  the  urine  as  salts. 

In  the  course  of  excretion,  some  of  the  oils  cause  irritation  of  the 
lungs  and  kidneys,  so  that  some  of  them  are  employed  to  increase  the 
bront^bial  secretion,  while  others  hare  a  distinct  di^^rptii?  action.  This 
irritant  action  is  of  course  not  confined  to  the  tissue,  but  extends  to 
microbial  guests,  so  that  some  of  the  volatile  oils  are  given  internally 
almost  exclusively  for  their  antiseptic  action  in  the  urine. 

Poisonlns. — The  various  oils  differ  a  good  deal  in  their  activity, 
while  resembling  each  other  closely  in  the  general  characters  of  their 
effects.  A|]  nf  them  may  produn^  marltftd  i^rifatitm  of  the  stoniaeb 
and  bowel  when  given  in  larpn  [jiiBTititifta-  but  the  Qil3_of  tanaV)  eltge, 
and  -English  pennyroyal  are  distinguished  especially  by  the  violent  in- 
flhmmation  they  cause,  and  by  the  frequency  with  which  fatal  poison- 
ing occurs  from  their  use.  The  terpenes  appear  to  be  BuF  slightly 
poisonous,  and  their  effects  are  probably  limited  to  local  irritation ;  the 
oxidized  aromatic  substances  have  been  shown  to  be  the  poisonous  con- 
stituents in  all  the  oils  hitherto  examined.  The  symptoms  are  those 
L  /  t  of  acute  gastric,  intestinal,  and  often  renal  irritation — vomiting,  purg- 
V  (  ing,  acute  pain  in  the  abdomen,  blood  in  the  stools  and  in  the  vomited 
matter,  collapse,  weakness  of  the  pulse  and  respiration,  anuria,  or 
albumin  aad  blood  in  the  urine,  and  convulsive  attacks  ending  in  coma 
and  death.  Great  hypenemia  of  the  abdominal  organs,  often  blood  in 
the  peritonea]  cavity,  and  sometimes  acute  inflammation  of  the  kidney 
are  the  chief  post-mortem  appearances.  The  hypersemia  and  conges- 
tion of  the  organs  of  the  abdomen  may  cause  abortion  in  pregnancy,  or 
increase  the  menses,  and  in  the  majority  of  cases  of  poisoning,  these 
oils  have  been  taken  with  the  object  of  inducing  abortion.  In  many 
instances,  however,  the  drug  has  proved  fatal  without  this  end  being 
achieved. 

Qeneral  Action. — The  small  quantities  of  volatile  oils  administered  in 
ordinary  mediciaal  use  pass  through  the  tissues  without  modifying  them  per- 
ceptibly, their  only  eftecla  arising  in  the  organs  by  which  they  are  absorbed 
I  and  excreted.  In  lai^  quantitiea,  however,  some  of  them  (the  oils  of  worm- 
wood, nutmeg,  eage,  savine  among  others)  produce  symptoms  which  indi- 
cate an  affection  of  the  central  nervous  system  quite  apart  from  their  local 
action.  The  latter  also  produces  nervous  effects  refleily,  and  it  has  been 
fonnd  exceedingly  difficult  to  distingaish  these  indirect  results  from  those 
caused  by  the  direct  action  on  the  central  nervous  ssretcm.  A  good  deal  of 
divergence  is  to  be  found  in  the  statements  of  different  writers  from  this 
cause,  and  also  from  the  fact  that  comparatively  few  researches  have  been 
carried  out  with  pure  principles.  Many  of  the  oils  vary  in  their  constitnents 
according  to  the  climate,  the  season  of  the  year,  and  other  conditions  under 
which  the  plant  was  grown,  and  some  of  the  confusion  may  arise  from  dlffer- 
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ences  in  the  oils  osed  by  Inveetigstors.  Almost  all  the  oils  hitherto  examined 
csnse  depiessioD  and  final  paralyBis  in  the  frog.  The  action  seems  to  be 
mainly  on  the  brain,  lazier  quantities  being  required  to  paralyze  the  spinal 
cord  than  to  prevent  all  spontaneous  movements.  This  stage  of  depression  is 
preceded  by  one  of  excitement  after  oil  of  wormvood  and  some  otheis.  Some 
of  the  oils  paralyze  the  terminatians  of  the  motor  nerves  in  volontary  moscle 
like  curara  and  camphor. 

In  mammab  the  general  action  of  the  constituents  of  the  volatile  oils  seems 
to  involve  a  preliminary  stimulation  and  subsequent  depression  of  the  nerve 
cells.  The  relative  importance  of  these  two  stages  diflere  in  diQerent  oik, 
some,  e.  g.,  turpentine  oil,  causing  only  a  transient  excitement,  followed  by 
marked  weakness  and  depression,  while  others,  such  as  the  oil  of  absinth, 
cause  very  marked  excitement  and  convulsions.  The  activity  of  the  oib 
as  nervous  poisons  also  varies  greatly,  some  producmg  only  insignificant 
effects  on  the  central  nervous  system  compared  with  those  tnym  their  local 
action,  while  in  others,  snch  as  the  oil  of  absinth  or  wormwood,  the  'symp- 
toms from  the  nervouB  system  predominate  in  cases  of  poisoning.  As  a 
general  rule  the  higher  divisions  of  the  central  axis  are  affected  more  than 
the  lower,  and  epileptiform  or  clonic  convulsions  may  be  indnced  (camphor), 
or  tremors  similar  to  those  described  under  carbohc  acid  and  presumably  of 
similar  origin  (safrol  and  nutmeg  oil).  In  many  eases  a  combination  of 
excitement  and  ataxia  is  observed,  the  animal  moving  about  restlessly,  but 
being  unable  to  balance  itself.  In  the  later  stages  of  poisoning  the  spon- 
taneous movements  cease,  while  the  excitation  of  the  lower  centres  still 
persists,  and  wild  convulsive  movements  accompany  the  final  arrest  of  the 
respuration. 

The  medullary  centres  are  also  affected  differently  by  the  various  oilt.  and  * .^^  . 

tbdr  constituents.  The  respiration  is  finally  depressed  by  all  of  them,  but  *■  'tj^^'^'" 
this  tl^'prpg^oT'  '«  "ftcn  tJUHiydefl  by  swrnulation,  tUfl  bi^IhltlH  Iflereasing^^^T^^V***- 
■    "^^  •   ■         '  ■*""  """^ ' '-^ lar  .T  ■  •*Me*» 


lire  undergoes  smiilar  .T;  "i^**. 
nediatelv.  from  o^^^/^^^g^ 


nis  depre>ff"""  ■«  nft^i  7)HH!i!ileU  by 
both  m  "rapidity  and  in  volume.     TEi 

changes,  ihe  biood-presaure  tailing  from  some  oils  immediately,  from  others 
only  after  a  preliminary  increase.  ' 

The  heart  does  not  seem  to  be  affected  by  most  of  the  volatile  oils,  except  ^^«*«*« 
indirectly.     In   cases  of  poisoning  the   collapse  and   shock  may   alter  the 
character  of  its  contractions,  but  direct  effentg  on  the  cardiac  muscle  have 
not  hppn  ahnyn  to  be  produced  hv  the  volatile  oils,  nniess  wheit  Mftfthflns 
quantities  are  injected  mtravenously. 

Some  of  the  constitnents  of  the  oils  (pulegon,  myristicin,  safrol)  cause  ■ 
fatty  d^eneration  of  various  oi^aas,  especially  of  the  Uver  and  kidney,  while  1 
othra«  of  very  similar  constitution  have  no  such  effect. 

Although  these  general  effects  of  the  volatile  oils  have  no  therapeutic  im-  . 
portance,  the  frequent  occurrence  of  epilepsy  aud  insanity  in  habitual  absinth  | 
drinkers  and  occasional  poisoning  from  others  of  the  series  have  given  them  / 
some  practical  interest. 

Different  oils  are  used  for  different  purposes  in  therapeutics,  although 
they  all  resemble  each  other  in  moat  respects,  and  it  is,  therefore,  con- 
venient to  divide  them  into  several  therapeutic  classes.*  A  number 
of  the  less  irritant  members  are  used  very  largely  as  flavoring  agents, 
for  their  ca^uiaiiye  effects  on  the  stomach  and  intestlneTniore  rarely 
as  antiseptics,  and  as  expectorants.  Another  small  class  may  be 
formed  of  the  malodorous  oils,  a  third  of  those  used  as  genito-urinary 
disinfectants,  while  several  which  are  too  irritant  to  be  employed  as 
carminatives,  will  be  discussed  among  the  akin  irritants. 

"Tiro  nnall  and  nnlmportftDt  i^onpa  of  bodies  which  are  used  for  the  Bame  pnr- 
poeea  aa  some  of  the  volatile  oils  have  been  inserted  along  with  these. 
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1.    Volatile  Oils  Uied  as  FlaToring  Agents  and  Oarminatlves. 

As  r^ards  tbeir  use  as  flavoring  agents  but  little  need  be  said,  one 
preparation  ie  used  by  one  physician,  another  by  another,  and  the 
selection  is  largely  a  matter  of  cuatom  and  taste.  The  ojange  prepa- 
rations are  probably  more  generally  appreciated  by  patients  than  any 
others.  Carminatives  are  used  only  when  no  marked  irritation  of  the 
stomach  or  intestine  is  present,  in  cases  where  the  gastric  juice  seems 
unable  to  cope  with  the  food  ingested,  especially  in  persons  of  seden- 
tary habits.  In  cases  of  colic,  flatulence  and  abdominal  distention 
they  are  often  of  use,  provided  that  these  are  not  due  to  peritonitis 
and  other  inflammatory  diseaaes.  Several  of  them  have  been  em- 
ployed as  surgical  antiseptics,  notably  thymol,  but  its  insolubility  in 
water  has  prevented  its  extensive  adoption ;  they  are  more  widely  used 
as  parasiticides  for  scabjes,  pediculi,  etc     Some  of  the  oils,  such  as 

I  oil  of  cr6vea,  are  used  in  dentistry  to  relieve  pain,  and  also  for  their 
antiseptic  action ;  the  relief  of  pain  is  due  to  their  paralyzing  the 
exposed  nerve  ends  after  a  preliminary  irritation.  Eucalyptus  has 
been  advised  in  septic  conditions  and  in  malaria,  and  at  one  time  was 
supposed  to  be  a  specific  for  the  latter;  it  improves  some  cases,  but  is 
not  reliable,  and  has  probably  no  more  effect  than  others  of  the  series. 
Its  use  as  an  internal  remedy  in  septicaemia  is  apparently  no  more 
successful,  although  it  still  enjoys  some  reputation  in  these  cases. 
Volatile  oil  preparations  are  sometimes  given  internally  in  the  hope 
that  in  their  excretion  through  the  lungs  they  will  exercise  an  anti- 
septic action  in  pulmonary  disease,  but  the  traces  excreted  in  this  way 
are  quite  incapable  of  any  noticeable  effect  on  microbial  growth  and 
the  tyJjsisleb^ilJjjs,  against  which  these  measures  are  most  frequently 
directed,  appears  to  be  peculiarly  resistant  to  the  taction  of  this  group 
oljXIBgdies.     They  are  irequenlly  inhaled  with  a  similar  object 


.  .         .  >bjoct. 

Some  of  them  have  been  used  as  anthelmintics  to  destroy  tapeworm  in 
the  intestine,  and  thymol  has  recraitly  proved  very  effective  in  destroy- 
ing the  intestinal  parasites  in  uncinariasis  (see Thymol).    Externally 
some  of  them  are  used  as  mild  skin-irritants,  generally  in  the  form  of 
spirits.     Arnica  has  a  great  popular  reputation  as  a  stimulating  local 
remedy  in  bruises  and  sprains,  although  it  has  no  specific  action  and 
is  in  no  way  preferable  to  the  other  members  of  the  series. 
.       The  volatile  oils  are  important  constituents  of  many  of  the  popular 
I  liqueurs,  such  as  Kummel,  Maraschino,  Curagoa,  Ohartreuse,  etc., 
I  and  therefore  have  a  certain  dietetic  importance. 

PaEPAnATIONS. 

Grade  Drags. — Many  of  the  phannacopteial  preparations  are  whole  plants, 
seeds,  leaves  or  flowers,  and  are  never  prescribed,  although  some  of  them 
are  used  in  popular  medicine  in  the  form  of  infusions  or  "  teas."  The  virtues 
of  these  old-fashioned  remedies  lie  perhaps  more  in  the  lai^  draoghta  of 
warm  water  than  in  the  traces  of  volatile  oil  which  they  contain,  but  the 
presence  of  the  latter  prevent,  to  some  extent,  the  nausea  produced  by  warm 
water  alone.     These  infusions  are  used  to  indnoe  perspiration  in  fevers  or 
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chills,  as  diureties,  or  to  relieve  colic  and  griping,  and  generally  contun 
about  a  tablespoonfal  of  the  herb  to  one  or  two  capfals  of  water.  Those 
moat  freqaently  need  for  thia  purpose  are  peppermint  and  epeanmnt  leaves 
and  tops  (Mentha  Piperita  and  Mentha  Vindis,  V.  S.  P.) ;  Coriander  seeds 
{Coriandrum,  U.  S.  P.,  Coriandri  FructM,  B.  P.) ;  Chamomile  flowers  {Anthe- 
fnis,  TT.  8.  P.,  and  Matncaria,  U.  8.  P.) ;  Anise  (..Inuum,  U.  S.  P.,  the  fruit 
of  Pimpinella  anlaam);  Blderflower  and  Horehoond  {Marrvbium,  U.  8.  P., 
leaves  and  tops).  In  different  countries,  however,  the  constituents  of  the 
herbalist  recipes  vary  according  to  the  local  flora.  The  U.  B.  Phormacopceia 
recognizes  a  number  of  other  crude  drugs  of  this  group,  but  as  these  are  seldom 
or  never  prescribed,  the;  need  only  be  enumerated  here :  Ro»a  GaUica  (red  rose 
]>etals),  Eucalyptus,  Limtmia  Cortex  (lemon  peel),  Aurantii  Culcts  Cortex, 
Avrantii  Amari  Cortex  (sweet  and  bitter  orange  peel),  Caryophylius  (cloves), 
Pimenta  (allspice),  Cinnamomum  (cinnamon),  Sagsafraa  (sassafras  bark), 
Cypripedivm  (ladj^'s  slipper),  Ffeniculttm  (fennel),  VamUa  (vanilla),  Car- 
damom%tm  (cardamom),  Carutn  (caraway),  Myriatica  (nntmeg),  Hedeoma 
(pennyroyal).  Salvia  (sage),  Sabina  (savine).  Arnica,  and  Zingiber  (ginger). 
The  British  Pharmacopeia  is  less  lavishly  supplied  with  these  little  used 
crude  drugs.  It  contains,  in  addition  to  those  fii^  mentioned :  Aurantii  Cortex 
Reeena  and  Siccatua  (fresh  and  dried  orange  peel),  Cittnamomi  Cortex  (cin- 
namon bark),  Cardamomi  Semina  (cardamom  seeds],  and  Zingiber  (ginger). 
Bitter  Ainonds  (Amygdala  Amara,  U.  8.  P.,  B.  P.)  may  be  mentioned 
here,  as,  although  they  contain  no  volatile  oil  in  themselves,  one  is  formed 
from  them  when  they  are  bruised  in  water.  They  contain  a  glacoslde, 
am^dalin,  and  a  ferment,  emulain,  which,  in  the  presence  of  water,  decom- 
poses the  amj^alin  into  dextrose,  prossic  acid,  and  benzaldehyde. 


The  prussic  acid  and  benzaldehyde,  which  are  probably  in  combination  and\ 
not  merely  mixed  together,  are  known  as  the  oil  of  bitter  almonds,  which  I 
is  much  more  poisonous  than  the  other  volatile  oils,  owing  to  its  containing  I 
prussic  acid.     Emulsin  is  also  contained  la  the  .sweet  almond,  bnt  no  amyg- 1 
dalin,  so  that  no  pmsaie  acid  is  formed  when  it  is  pounded  in  water.    The 
fixed  oil  of  almonds  U  fomied  from  bitter  and  sweet  almonds,  bnt  contuns 
no  prus^c  acid.     Laurel  leaves,  and  the  bark  of  the  Virginia  prune,  or  cherry 
(Prunua  Virginiana,  TJ.  S.  P.,  Pruni  Virginiante  Cortex,  B.  P.),  also  contain 
amygdalin,  or  some  nearly  related  substance,  and  emulsin,  and  form  benzalde- 
hyde and  pmssic  acid  when  rubbed  up  with  water.     The  Virginian  cherry 
baric  has,  however,  a  more  bitter  taste  than  the  others,  from  the  presence  of 
a  resin  or  some  other  unknown  body. 

The  Volatils  Oils  themselves  are  also  represented  in  unnecessarily  lai^ge 
numbers  in  the  pharmacop<Bias, 

U.    8.   F.— Oleum  Menthx  Pipentee    (oil   of  peppermint),    01.   Mentha 
Tiridia  (spearmint  oil) ,  01  G^^jaeni^  (wintergreen),  01.  LavanduUB  Florum    \ 
(oil  of  lavender),  01.  EucSypit\  eucalyptus  oil),  01.  lAvioms  Go£ticM-(oil  of     I 
lemon),   01.    4 y rfFflf "' _.pxa:iicia    (oil  of  orange  peel),   Oleoreaina  Zingiberit     I  X^  <    < 
(ginger),  01.  Amygdgl^  AnMra   (bitter  almonds),  01.  CaryophyVi   (oil  of     /^^  j 
cloves),  01.  Punentte  (oil  of  allspice) ,  01.  Carui  (caraway  oil],  01.  OMinamomi     |       A>l4U 
(cinnamon),  01.  Coriandri  (coriander),  01.  Brigerontia  (erigeron  or  fleabane),     \ 
01.  Cajuputi    (cajuput),   01.  Sasaafraa    (sassafras),  01.  Antai   (anise),   01.      \ 
Ftmiculi  (fennel),  01.  Boamarini  (rosemary),  01.  Kedeor^  (pennyrgj[Al),a:E4-,  ■     ^ 
01.  Junipejd   (juniper),  01.  gobiw^^ savine),  01.  Roaee  (oil,  afSr~or  otto '**'M*^ '*'"'* 
of  roses),  01.  BetuUe  FoIoiiJTTvolatile  oil  of  birch),  01  Thymi  (thyme), 
01.  Myriatieo!  (nutmeg). 

B.  P. — Oleum  AnelM   (oil  of  dill),   01.   Antai   (anise),   01.   Cajuputi 
(cajuput),  01.  Carui  (caraway),  01.  CaryophyUi  (cloves),  Ot.  Cinnamomi 
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(cinnamon),  01.  Corwndri  (conander),  01,  Eucalypti  (eucalyptus),  01. 
LavanduhE  (lavender),  01.  Limonis  (lemon),  01.  Mentha  Piperita  (pepper- 
mint), Ol.  Myriaticre  (nntmeg),  01,  Boemarini  (rosemary). 

Tfaa  majority  of  these  oils  resemble  each  other  very  closely  in  their  effects 
and  require  no  special  comment.  Oil  of  roses  is  so  expensive  that  it  is  never 
J  used  in  medicine,  especially  as  it  has  no  special  advantages  over  the  others. 
The  oils  of  rosemary,  jtmiper,  and  savine  are  more  irritant  than  the  others, 
and  are  seldom  used.  The  oils  of  wintergreen  and  of  birch  consiBt  mainly 
of  methyl-salicylate,  and  may  be  used  instead  of  the  other  salicylates.  Nnt- 
m^  and  mace  oils  are  more  poisonous  than  the  others,  not  from  their  local 
irritant  action  so  mnch  as  from  their  effects  after  absorption.  Oil  of  bitter 
almonds  contains  a  very  variable  amount  of  prussic  acid  and  therefore  cannot 
be  substituted  for  the  other  volatile  oils,  but  its  preparstions  are  so  dilute  as 
to  be  void  of  all  danger. 

I  The  volatile  oils  themselves  are  comparatively  little  used.  A  sin^  drop 
may  be  added  to  powders,  pills  or  solutions  to  give  a  pleasant  odor,  and 
their  presence  in  tooth  povders  renders  these  more  or  less  stron^y  antiseptic. 
Occasionally  they  are  given  in  cases  of  colic  or  in  chill  by  pouring  a  few 
«  drops  on  a  piece  of  sugar  which  is  sucked.  The  ^se  of  the  volatile  oils  in 
general  is  1-2  drops.  '^^^'~~'"  '~ 

Splritns  are  formed  from  manj  of  the  volatile  oils  by  dissolving 
tliem  in  alcohol,  sometimes  with  ^e  addition  of  water  and  eonietimee 
with  some  of  the  crude  drugs,  so  that  the  preparation  is  really  a  mix- 

Iture  of  tinctnre  and  spirit.  The  sQJfjlp  or  ^g^ces  of  the  volatile  oils 
are  used  very  largely  as  flavoring  agents  in  mixtures  for  internal  use, 
and  are  often  added  to  ext^^  applicationa  to  lend  them  odor.  They 
may  also  be  prescribed  where  alcohol  is  indicated  but  ia  distasteful  to 
the  patient;  the  Bpirits  of  the  volatile  oils  contain  nearly  double  the 
I  amount  of  alcohol  in  brandy,  and  have  to  be  diluted  accordingly. 
Any  of  them  may  be  used  as  carminatives,  but  the  spirits  of  pepper- 
mint, c^ujgmgn,  anise  and  laveuflfif  are  more  frequently  us€d  ?or 
this  purpose  than  the  others.  Spirit  of  juniper  is  often  given  as  a 
diucEtic.  either  alone  or  along  with  other  dSlJS.  Spirit  of  rosemary 
is  generally  used  extgnially.  Many  of  the  common  perfumes  are 
spirits  of  different  volatile  oils ;  thus  eau  de  Cologne  contains  the  oils 
of  bergamot,  lemon,  rosemary,  lavender  and  orange-flower,  along  with 
acetic  ether  and  alcohol. 

The  dose  of  the  apiritna  as  carminatives  is  j^  c.c.  (15-60  rains.). 
They  are  often  prescribed  along  with  other  etomachics,  such  aa  nux 
vomica,  cinchona,  or  the  bitters. 

U.  S.  P. — Spirittis  AmygdaltE  Araara,  Spir.  Anisi,  Spir.  AurantU  Com- 
positus  (containing  the  oils  of  orange  peel  ,lemon,  coriander  and  anise),  Spir, 
Cinnamomi,  Spir.  GauUkeria,  Spir.  Jttniperi,  Spir,  Juniperi  Compositvt 
(containing  oils  of  juniper,  caraway  and  fennel).  Dose,  4-8  c.c.  (l-2fl.  drs.), 
Spir.  Lavanditla,  Spir.  Mentha  Piperita,  Spb:  Mentha  Yiridia. 

Elixir  Aromaticum  and  Elixir  Adjuvant  are  preparations  of  the  Spir. 
Anrantii  Compositns,  which  are  nsed  exclusively  as  flavors. 

B.  P. — Spiritue  Antai,  Sp.  Cajupttti,  Sp.  Cinnamomi,  Sp.  Juniperi,  Sp. 
Lavandula,  Sp.  Menlhce  Piperita,  Sp.  Myriatica,  Sp.  Roemarim. 

The  compound  spirit  of  horseradish  (Spir,  Armoracice  Compoaitxtt')  is  ob- 
t^ed  by  extracting  the  volatile  oils  of  horseradish,  bitter-orange  peel,  and 
nutmeg  with  dilute  alcohol  and  purifying  them  by  distillation.     Horseivdish 
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oil,  like  that  of  most  of  the  Cnicifene,  is  a  ealphnr  compound,  and  has  a 
peculiarly  hot,  traming;  taste.    Dose,  4-S  c.c.  (1-2  fl.  dra.). 

MtuB. — The  volatile  oils  are  very  inaoluble  in  water,  but  when  they  i 
are  ahaken  in  it,  enough  reiDains  in  the  water  to  give  it  the  odor  and  \ 
taste  of  the  oil.     In  the  procese  of  obtaining  the  oils  from  the  crude 
drugs  by  diatillation,  some  oil  is  held  by  the  water,  and  a  number  of 
these  waters  (aquee)  are  contained  in  the  pharmacopoeias.     They  are 
used  as  substitutes  for  distilled  water  in  making  up  prescriptions,  the  | 
small  quantity  of  volatile  oil  serving  merely  to  give  a  pleasant  odor  • 
and  taste. 

XT.  S.  P. — Aqua  Aniai,  Aq.  Aurantii  Flor.  and  Aq.  Aurantii  Florum  Fortior  . 
(the  latter  containing  twice  as  mach  volatile  oil  as  the  former),  Aq.  Cifma-  I 
moMt,  Aq.  FcenicuK,  Aq.  Menth.  Piperitee,  Aq.  Menth.  Viridia,  Aq.  Soaa,  | 
Aq.  Sosa  Fortior  (the  latter  twice  as  strong  as  the  ordinarily  used  Aq. ' 
Rotte) . 

B.  P. — Aqua  Anethi,  Aq.  Anisi,  Aq.  Aurantii  Florum,  Aq.  Cttmamomi, 
Aq.  Mentha  Piperita,  Aq.  Roia. 

Another  preparation  containing  a  volatile  oil  merely  as  a  flavoring  in- 
gredient is  Unguentum  Aqua  Rosa  (cold  cream),  XJ.  S.  P.,  B.  P. 

Some  of  the  preparationB  containing  volatile  oils  are  derived  not 
from  the  oil  itself,  but  from  the  crude  drug,  and  therefore  contain 
non-volatile  substances  which  are  generally  absent  from  the  prepara- 
tions already  mentioned.  As  a  general  rule  tbese  non-volatile  bodies 
are  inactive,  but  in  some  cases,  bitters  or  resins  are  contained  in  the 
preparations,  and  may  influence  their  action.  Thus  a  bitter  gluco- 
side,  faesperidin,  is  found  in  the  orange  peel,  and  is  present  in  the 
preparations  formed  directly  from  it,  while  it  is  absent  from  those 
formed  from  the  volatile  oil.  Ginger  contains  a  resin  of  hot,  burning 
taste,  which  increases  the  carminative  actipn  of  the  oil.  Cinnamon 
contains  some  tannic  acid,  which  passes  over  in  the  tincture,  while  a 
fixed  oil  is  contained  in  cardamom.  Arnica  contains  a  bitter  sub- 
stance, amicin ;  calamus,  a  bitter,  acorin,  in  addition  to  a  volatile  oil ; 
cBscarilla,  a  bitter  principle,  cascarillin,  along  with  another  oil.  Pre-  \ 
parations  which  contain  a  bitter  substance  in  addition  to  a  volatile  oil,  I 
are  often  classed  as  aromatic  bitters  along  with  the  Pepper  series. 

Among  the  preparations  formed  from  the  crude  drugs  are  the 
Syrups,  which  are  used  exclusively  as  flavoring  agents. 

TT.  S.  P. — Syrupua  AurantU  Florum,  Syr.  Amygdala,  Syr.  AurattHi,  Syr.  \    g^  w,  ^^ 
Rosa,  Syr.  Zingiberia,  Syr.  Pruni  Virginiana.  \ 

B,  P. — Syrupus  Aromaticua  (containing  tincture  of  orange  and  cinnamon 
water),  Syr.  Aurantii,  Syr.  Aurantii  Floris,  Syr.  Limonia,  Syr.  Pruni  Virgini- 
ana,  Syr.  Zingiberia.     Dose  of  symps,  B.  P.,  2-4  c.c.  (Vz-l  3.  dr.). 

The  Ttnctnrefl  are  used  for  the  same  purposes  as  the  spirits  of  the  k 
pure  oils,  and  in  the  same  dose,  1-4  c.c.  (15-60  mina.).     The  tine-  ' 
tares  of  arnica  are  employed  externally  as  applications  to  bruised  sur- 
faces and  in  similar  conditions,  but  they  have  no  more  effect  than 
other  preparations,  although  they  are  popularly  regarded  as  specifics. 
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U.  S,  P. — Tinctura  Arnica,  Tinct.  AurantU  Amari,  Tinct.  Avrantii  DtUeis, 

\~\it^    \  Tinct,  Litnonis  Cortida,   Tinct.   Cardamomi,   Tinet.   Cardamomi  Composita 

I  (containing  cardamom,  cinnamon,  caravay),  Tinct.  Cinnamomi,  Tinct.  Lavan- 

Vdula  Composita  (oils  of  lavender,  rosemary,  cinnamon,  cloves,  nutmeg),  Tinct. 

|Fonflte,  Tinct.  Zingiberis. 

B.  F.— Tinct.  Aurantii,  Tinct.  Cardamomi  Composita  (containiag  carda- 
mom, caraway,  cinnamon  and  raisins),  Tinct.  Cinnamomi,  Tinct.  LavandvUe 
Compoaita  (lavender,  rosemary,  cinnamon,  nutmeg],  Tinct.  Limonis,  Tinot. 
Pnmi  Virginianee,  Tinct.  Zingiberit,  Tinet.  CascariUte. 

Flnid  Eztruti  of  the  volatile  oil  series. 

U.  S.  P. — Flvidextractum  Aurantii  Amari,  1-2  o.c.  (15-30  mins.). 

Fliudextraetum  Pmni  Virginianie,  2-4  c.c.  (^^-1  fl.  dr.). 

Fluidextraetum  Zingiberia,  0.5-1.3  o.e.  (8-20  mins.)> 

Fluidextractum  Aromaticum,  0.5-1.3  c.c.  (8-20  mins.),  from  arom&tie 
powder. 

The  only  fluid  extracts  at  all  extensively  used  are  the  last  tiiree. 

U.  S.  P. — Infusum  Pntni  Virginianie. 

B,  P. — Infuaum  Avrantii. 

Infutum  Aurantii  Compositum  (formed  from  bitter  orange  peel,  fresh 
lemon  peel  and  cloves). 

These  infusions  are  given  in  doses  of  %-l  fl.  oz.  (15-30  c.c.)  and  may  be 
used  instead  of  the  medicated  waters  (aqnn). 

Other  Freparxtloiis. 

Pulvia  Aromatictu  (U.  8.  P.)  contains  cinnamon,  cardamom,  ginger,  and 
natmeg  in  powder,  and  is  a  nsefnl  carminative  In  doses  of  03-2  G.  (5- 
30  grs.). 

Pulvis  Cinnamomi  Compositua  (B.  P.)  contains  cinnamon,  cardamom  and 
ginger,  and  is  used  as  a  carminative  in  doses  of  l(t-4ft  grs. 

Piir«  PrincipleB  used  as  flavors : 

Safrolam  (U.  S.  P.),  safrol  (C,H,C,H,-OOCH,),  a  pure  principle  found 
in  sassafras  and  other  volatile  oils,  possesses  an  odor  like  sassafras.  It  is 
a  colorless  or  faintly  yellow  liquid,  soluble  in  alcohol  and  ether.  Dose, 
0.3  c.c.  (5  mins.). 

Vanilliinim  (U.  S.  P.),  vanillin  (C,H,0H:0CH,-C0H),  occurs  in  vanilla 
and  is  also  made  synthetically.  It  forms  whit«  needle  crystals,  slightly  soluble 
in  water,  easily  soluble  in  alcohol  and  ether,  and  possesses  the  odor  and  taste 
of  vanilla.     Dose,  0.03  G.  (Ya  gr.). 

Bennldeliydlim  (TJ.  8.  P.),  benzaldehyde  (C^.COH),  occurs  in  the  oil  of 
bitter  almonds,  And  is  also  made  artificially.  It  is  a  colorless  fluid  with  the 
odor  and  taste  of  bitter  almond  oil,  very  slightly  soluble  in  water,  but  freely 
miscible  with  alcohol.    Dose,  0.03  c.c.  (^  min.). 

Oinnaldehydnm  (U.  S.  P.),  cinnamic  aldehyde  (CrB.CH:  CH-COH),  is 
nearly  identical  with  cinnamon  oil  and  forms  a  colorless  liquid  with  the  odor 
of  cinnamon  and  a  hot,  burning  taste.     Dose,  0.05  c.c.  (1  min.). 

Engonol  (U.  S.  P.),  a  phenol  (C.H.OH  OCH,  C.H.)  obtained  from  oil  of 
cloves  and  other  oils,  and  forming  a  colorless  liquid  with  an  odor  like  doves, 
and  a  hot,  burning  tsste.     Dose,  0.2  c.c.  (3  mins.); 

These  principles  are  used  exclusively  to  give  flavor  and  odor. 

A  number  of  other  volatile  substances  are  used  locally  in  medicine 

for  the  £ame  purpose  as  thw  vnlat^lo  oils,  although  they  are  classified 

in  other  groups  owing  to  their  possessing  other  properties  which  are 

not  shared  by  the  oils.     Among  these  may  be  mentioned  especially  the 

I  preparations  of  chloroform  (aqua,  emulsum,  spiritns,  linimentum), 
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the  simple  and  compound  spirits  of  ether,  and  acetic  ether.  These 
are  used  largely  for  the  same  purposes  as  the  volatile  oil  preparations, 
and  when  administered  in  moderate  quantities  do  not  cause  any 
farther  effects.  The  preparations  of  alcohol  known  as  spirits,  or 
liqueurs,  or  essences,  contain  volatile  oil& — Curagoa,  Cherrywater 
(Kirchwaseer),  Kummel,  Essence  of  Mint,  etc. — and  the  simpler 
spirits,  Brandy,  Whiskey,  Kum,  Gin,  and  the  wines  contain  bodies 
hiown  as  cenanthic  ethers,  which  probably  act  in  a  similar  way. 

BlBLIOQEAPHT, 

BttoholU.    Arch.  f.  exp.  P&tli.  n.  Pharm.,  iv.,  p.  1.     (Antiaeptie  setion.) 

Bokony.    Areb.  f.  d.  gea.  Pbjriol.,  Izxiil,  p.  55S. 

Bms.    Arch.  1.  exp.  Path.  n.  Pharm.,  v.,  p.  109;  vilL,  p.  CO. 

PoM.    Ibid.,  XXV.,  p.  SI. 

Bratidl,  Botmeoni,  Famtttiner.  Ztacbr.  f.  Biol.,  xxix.,  p.  277,  xxxiii.,  pp.  462, 
475.  (AetioD  on  abflorption  from  (tomaeh  and  bowe];  compare  papera  bj  Pawhn* 
and  hu  pnpila.     Arcb.  dea  Seiene.  blolog.,  ii.  and  iii.) 

Seffter.     Areb.  f.  exp.  Path.  n.  Pharm.,  xzzv.,  p.  342.     (Saffrol,  ete.) 

Wintemitt.    Ibid.,  xlv.,  p.  163. 

Fromm  %.  Hiidabrandt.     Ztsehr.  f.  phjaiol.  Chem.,  zxziil.,  p.  &TQ;  zxxri.,  p.  441. 

lAitdemann.   Arch.  f.  exp.  Path.  u.  Pharm.,zlii.,  p.  356;  Ztsehr.  f.Biol.,xxxix.,p.l. 

Cvthbert  EaU.     EnealjptuB  Oils.     ThesiB,  Sjdnej,  1904. 

Mateei.     Areb.  intamat.  de  Phannaeodynamiqae,  14,  p.  331. 

Lapin.     Inaag.  Diaa.,  Dorpat,  1893.     (Ol.  Menth.  pip.) 

Robert.     Centralbl.  t.  d.  med.  Wiaaen.,  1S77,  p.  129.     (Turpentine.) 

FdUop.     Inaag.  Dim.,  Dorpat,  1889.     (Tnrpentine.) 

Ciuhny.     Proa.  Hoy.  Hoe.  Med.  Therap.,  Section  L,  p.  89.     (Nutmeg.) 

Daie.     Ibid.,  IL,  p.  69.     (Nutmeg.) 

2.    Camphor. 

Some  of  the  volatile  oils  deposit  crystalline  substances  or  stearop- 
tenes  after  standing  for  some  time,  especially  when  they  are  exposed 
to  cold.  As  a  general  rule  these  bodies  are  present  in  only  small 
amount,  and  have  not  been  investigated  apart  from  the  volatile  oils, 
of  which  they  form  constituents ;  but  a  few  o£  them  have  attracted 
attention  in  therapeutics,  not  only  on  account  of  their  local  effects. 
wiling  rPtyrnTiTo  those  elicited  by  the  volatile  oil  group  (see  page  58), 
"Eutalso  because  ol  tneir  action  in  the  tissues  after  absorption.  The 
chief  of  these  is  Ounphor,  which  has  been  used  in  Chinese  medicine 
for  many  centuries,  and  which  has  also  played  a  considerable  role  in 
Western  therapeutics.  It  is  derived  from  the  Cinnamomum  cam- 
phora  of  China  and  Japan,  and  possesses  the  formula  CioH,aO;  it 
is  a  benzol  derivative  containing  methyl  and  propyl,  in  so  far 
resembling  the  terpenes,  from  which,  however,  it  differs  in  the 
presence  of  a  ketone  (^  CO)  link. 

Another  body  elosely  resembling  ordinary  camphor  is  Bomeol  or  Borneo- 
camphor  (C„H„0),  which  IB  derived  from  the  Dryobalanops  aromatica,  and 
which  »iparenuy  differs  from  ordinary  camphor  in  containing  the  gronp 
(^GHOH)  instead  of  (^CO).  Ngai-campbor,  which  is  obtained  from 
Bliunes  balsamifera,  is  very  closely  related  to  bomeol.  Another  atearoptene 
which  has  been  used  in  medicine  apart  from  the  volatile  oils,  is  MgQjhoI 
(CuH^O),  wbich  is  obtained  from  the  oil  of  papp^rminl:.  ami  apparentl^cm^ 
ttuns  a  CHOH  group  like  bomeol,  but  is  more  completely  hydraled.    Bomeol 
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has  been  prepared  synthetically  from  camphor,  and  menthol  from  meitluuie, 
which  oecDiB  in  oil  'of  peppermint.  ThaJMt.  an  isomer  of  camphor  occnrriag 
in  the  oil  of  wormwood  or  absinth  and  in  many  other  plants,  has  not  been 
used  in  medicine,  but  is  of  great  import&nce  as  the  eanse  of  epilepsy  in 
chronic  absinthe  drinkers. 

Several  derivatives  of  camphor  which  have  been  examined,  resemble  it 
closely  in  pharmacological  action.  Monobromated  Camphor  (C^„BrO)  hM 
been  used  in  therapeutics,  while  Camphorol  (C„H„0,),  AmidotMmphor 
(CJI„NH,0),  Bomylamine  (C^„{CH,)(CHNH,))  and  some  other  deriva- 
tives have  been  the  subjects  of  experimental  investigation. 

All  of  these  resemble  each  other  very  closely  in  the  effects  which 
they  produce  in  the  organism,  although  they  vary  in  toxicity  to  some 
extent.  Many  of  the  volatile  oils  induce  the  same  symptoms,  and 
the  camphor  group  also  presenta  analogies  to  the  simpler  bodies  of 
the  aromatic  aeries,  to  which  it  is  bo  nearly  related  chemically,  and 
also  to  picrotozin. 

Symptoms. — Camphor  acts  as  an  irritant  to  the  skin  and  mucous 
membranes  like  the  volatile  oils,  and  has  a  hot,  bitter  taste,  and  in- 
duces in  small  quantities  a  feeling  of  warmth  and  comfort  in  the 
stomach,  while  after  large  doses  nausea  and  vomiting  may  be  caused 
by  gastric  irritation.     It  is  rapidly  absorbed  and  in  large  doses  in- 

f  duces  headache,  a  feeling  of  warmth,  confusion,  and  excitement  in 
man,  nith  slowing  of  the  pulse  and  flushing  of  the  skin.     This  ex- 


citement may  be  shown 
tions,  in  restlessness,  or 
into  epileptiform  convulsi 
and  unconsciousness,  whi 


in  hilarity  and  delirium  with  hallucina- 
in  sudden  violent  movements,  which  pass 
These  alternate  with  pauses  of  quiet 
aich  become  longer  until  the  patient  sinks 
into  complete  stupor.  In  some  cases  of  poisoning  no  excitement  is 
observed,  the  patient  falling  into  a  condition  of  drowsiness,  tmcon- 
sciousness  and  stupor  immediately.  In  the  lower  mammals,  camphor 
induces  very  similar  symptoms,  wild  excitement  and  epileptiform 
convulsions,  followed  by  depression,  stupor,  collapse,  and  death  from 
failure  of  the  respiration.  Not  infrequently  however,  the  respira- 
tion ceases  during  a  convulsion  and  fails  to  return  when  it  passes  off. 

In  the  frog  no  excitement  is  observed  except  from  the  local  irri- 
tation ;  the  animal  falls  into  a  condition  of  depression,  in  which  no 
spontaneous  movements  are  made,  although  the  reflexes  seem  to  be 
little  affected  at  first.  Later,  the  reflexes  disappear  and  the  animal 
lies  completely  paralyzed. 

Action:  Omtral  KervouB  System. — Camphor  first  depresses  the  brain 
in  the  frog,  later  the  spinal  cord,  and  last  of  all  the  terminations  of 
the  motor  nerves,  and  the  spontaneous  movements  cease  first,  there- 
fore, then  the  reflexes  disappear,  and  finally  the  muscles  fail  to  con- 
tract when  the  peripheral  nerves  are  stimulated.  The  cord  is  capa- 
ble of  conducting  impulses  from  the  brain  after  the  reflexes  are 
paralyzed,  so  that  camphor  would  seem  to  interrupt  the  connection 
between  the  sensory  and  the  motor  cells  earlier  than  that  between  the 
motor  columns  and  the  cells  of  the  anterior  bom  (contrast  strych- 
nine).    Although  camphor  fails  to  elicit  convulsions  in  the  frog,  thnjon 
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often  induces  violent  spasms,  which  appear  to  arise  from  stimnla- 
tion  of  the  spinal  cord  end  medulla  oblongata.  The  exact  action  of 
camphor  on  the  spinal  cord  in  mammals  is  not  finally  determined, 
for  Stockman  found  that  the  reflexes  were  not  increased  in  mammals 
hj  camphor,  and  he  holds  that  the  spinal  cord  is  not  primarily 
stimulated  hj  ordinary  camphor,  and  is  in  fact  depressed  by  bomeol. 
On  the  other  hand,  Gottlieb  and  Lapin  assert  that  the  r^exes  are 
increased  by  camphor  in  mammals  in  which  the  medulla  oblongata 
has  been  divided,  and  that  in  the  bird  this  increased  irritability 
may  even  give  rise  to  convulsions.  According  to  them,  the  spinal 
cord  is  finally  depressed  in  mammals  by  very  large  doses  of  cam- 
phor, but  only  after  stupor  and  coma  indicate  commencing  paralysis 
of  the  cerebrum. 

The  convulsions  in  mammals  are  certainly  not  due  to  any  action 
on  the  spinal  cord,  but  to  stimulation  of  die  higher  areas  of  the 
nervous  axis.  The  cerebral  cortex  is  involved  in  the  action,  for  the 
convnlsiona  are  less  marked  on  its  removal;  but  in  the  lower  mam- 
mals the  chief  action  seems  to  be  exerted  on  the  nervous  centres 
situated  between  the  cerebral  peduncles  and  the  medulla  oblongata. 
It  is  not  improbable  that  in  man  the  cerebral  action  may  be  more 
marked  than  that  on  the  lower  areas,  for  on  descending  lower  in  the 
scale  it  is  found  that  the  cerebral  action  becomes  less  evident ;  thus 
in  birds  the  removal  of  the  cerebrum  seems  to  have  no  effect  on  the 
convulsions.  The  loss  of  consciousness  and  the  stupor  observed  in  i 
man  and  the  higher  animals  point  to  a  final  paralysis  of  the  cere-  | 
bral  cortex. 

The  Tenninatloiu  of  tho  Uotor  Nerval  are  paralyzed  in  the  frog  by 
lai^  doses  of  camphor,  but  not  in  manmials.  The  Hiudes  them- 
selves are  weakened  and  paralyzed  when  they  are  directly  exposed  to 
its  solutions  or  vapor. 

The  Heart  is  sometimes  slowed  by  camphor  and  its  allies  in  man 
and  animals,  but  is  generally  little  affected  in  either  strength  or  rate. 
The  frog's  heart  generally  beats  more  slowly,  but  the  contractions 
are  stronger  and  fuller  according  to  most  observers;  these  changes 
arise  from  action  on  the  muscle  fibres,  which  are  rendered  more 
irriteble,  so  that  muscarine  fails  to  arrest  the  frog's  heart  after  cam- 
phor, and  a  heart  reduced  to  inactivity  by  chloral  resumes  its  rhythmic 
movements  when  camphor  is  applied  to  it.  Gottlieb  has  stated  that 
camphor  lessens  the  tendency  of  the  mammalian  heart  to  pass  inte 
fibrillation  under  repeated  electrical  stimulation  or  spontaneously 
during  experiments;  no  explanation  has  been  suggested  for  this 
action  and  Winterberg  has  failed  to  confirm  the  observation. 

In  some  mammals  the  Blood-prenare  is  slightly  increased  by  cam- 
phor, in  others  great  variations  occur,  a  very  marked  rise  being  ob- 
served during  the  convulsive  attacks,  while  in  the  interval  it  falls  to 
below  the  normal  height;  these  variations  indicate  that  the  vaso- 
motor centre  is  involved  in  the  action  of  the  drug,  for  they  persist 
when  the  muscular  contractions  are  eliminated  by  the  injection  of 
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\ciirara.  The  peripheral  veesela  have  been  found  to  be  dilated  by 
camphor  solntiona  perfused  through  them,  and  this  action  may  ex< 
plain  the  slight  faU  in  pressure  often  seen  after  absorption  of  the 
drug. 

This  slight  dilation  of  the  vessels  is  the  only  change  in  the  circu- 
lation observed  after  camphor,  unless  when  quantities  sufficient  to 
cause  convulsions  are  injected. 

The  Eeapiratlon  is  somewhat  slower  and  deeper  than  normal,  but 
this  alteration  is  generally  insignificant.  During  the  convulsions  it 
is  arrested,  while  in  the  intervals  it  may  be  accelerated  from  the 
muscular  exertion  during  the  spasms. 

The  normal  Temp«ratnre  is  not  affected  by  camphor,  but  in  fever 
it  acts  as  an  antipyretic,  like  many  other  aromatic  bodies. 

Camphor  is  partially  oxidized  in  the  tissues,  forming  camphorol 
(OioHjgOj),  this  change  perhaps  being  analogous  to  that  olraerved 
in  the  aromatic  hydrocarbons  and  phenols.  It  is  Excreted  in  the 
urine  in  combination  with  glyeuronic  acid,  as  a-  and  ^-camphogly- 
cnronio  acid,  and  also  in  part  in  combination  with  a  nitr(^enous 
body,  which  is  probably  nramidoglycuronic  acid.  Camphorol  acts 
like  camphor,  but  its  glycnronic  acid  combinations  are  inactive,  so 
that  the  effects  of  camphor  pass  off  quickly  in  such  animals  as  the 
dog,  in  which  these  combinations  are  rapidly  formed. 

Camphor  is  possessed  of  some  antiseptic  action,  although  it  is 
I  much  weaker  than  some  of  the  bodies  of  the  carbolic  acid  group, 
and  also  than  many  of  the  volatile  oils.  Leucocytes  cease  their 
movements  at  once  when  exposed  to  camphor  solutions  or  vapor,  and 
Darwin  found  that  it  acts  as  a  stimulus  to  the  tentacles  of  Drosera, 
an  insectivorous  plant,  and  apparently  renders  them  more  sensitive 
to  mechanical  irritation. 

Camphor  produces  redness  and  a  feeling  of  warmth  when  rubbed 
into  the  Skin.  Sometimes,  however,  a  distinct  sensation  of  cold  may 
be  experienced,  provided  the  rubbing  is  not  too  energetic.  Menthol 
generally  induces  this  feeling  of  cold,  accompanied  by  more  or  less 
prickling,  and  afterwards  by  heat  and  burning.  The  cold  is  not  due 
to  cooling  of  the  skin,  for  the  vessels  of  the  part  are  dilated,  and  the 
thermometer  indicates  a  higher  skin  temperature  there  than  in  other 
parts  of  the  body.  It  has  been  ascribed  to  menthol  being  more  irri- 
tant to  the  terminations  of  certain  nerves  which  convey  the  sensa- 
tion of  cold  than  to  those  of  the  heat  nerves  and  pain  nerves,  but  this 
is  denied  by  Rollett  who  states  that  menthol  acts  only  on  the  termina- 
tions of  the  nerves  of  common  sensation  or  pain.  A  feeling  of 
numbness  and  partial  aniesthesia  follows  its  application  after  some 
time,  and  a  ten  per  cent,  solution  has  been  found  to  produce  anses- 
thesia  of  the  cornea,  which,  however,  is  preceded  by  pain  and 
smarting. 

(The  action  of  bomeol,  menthol,  bromaled  camphor  and  camphorol  is 
almost  identical  with  that  of  camphor  itself.  Bomeol  is  less  irritant  locally, 
and  the  convuIsioDB  are  less  severe  than  after  camphor,  ^o  that  nnimalu 
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seldom  die  during  the  convaldve  stage,  and  may  remain  in  a  state  of  stnpor 
and  eollapM  for  one  or  two  days  before  the  respiration  finally  ceases.  After 
menthol,  the  convnlsions  are  even  less  developed  than  after  bomeol.  Both 
of  these  are  excreted  in  combination  with  glycoronie  acid.  Bromated  camphor 
seema  to  resemble  bomeol  more  closely  than  camphor  or  menthol,  while 
amido-camphor  produces  symptoms  similar  to  those  of  camphor,  but  is  much 
less  poweif  nl. 

Pbbparations. 


Ounphoni  (U.  S.  P.,  B.  P.)  (C,3„0),  Lanrel  camphor,  a  etearoptene  ob- 
tained from  Cinnamomum  Comphora,  forms  white  translucent,  crystalline 
masses,  which  are  algioat  insolnbiA  jn  watfr  ^ipt  dissolve  readily  iq  aleohoL 
^thftr,  nhlorofnnn.  (iTftl  i^p(|  yplat.m  min  ni-flfi  U  ('J-NI  ^STJ  ^n  a,..„l^^„ 
or.  pill. 

y^Aqua  Camphora  (U.  S.  P.,  B.  P.). 
•y  SpiBinja  CAMPHORai  (U.  S.  P.,  B.  P.),  0.3-2  c.c.  (5-30  mins.). 

LmoiEtnTru  Caupsorm,  camphorated  oil  (U.  8.  P.,  B.  P.). 

XlgJSD^  '^flimi"'"'  ^"MPygT*  C^-  F-1-  nararoric.  contains  1  part  of 
moipGmem  2000,  *.  e.,  each  fluid  drachm  is  equivalent  to  Vi  grain  of  opium. 
%-l  fl.  dr. 

Limmenttm  Camphora  Ammoniatum  (B.  P.) ,  compound  camphor  liniment 

Camphor  is  also  an  ingredient  in  the  camphorated  tincture  of  opium,  or 
[laregoric  (U.  S.  P.)  and  in  soap  liniment  and  chloroform  liniment. 

Camphora  Monobromata  (U.  S.  P.),  monobromated  camphor  (C„H„  BrO), 
GonsiBtB  of  colorless  crystals  which  are  insoluble  in  water,  soluble  in  alcohol 
and  ether.     0.3-1  Q.  (5-15  gi^.),  in  emulsion  or  pills. 

Menthol  (V.  S,  P.,  B.  P.)  (C,^.0),  a  etearoptene  obtained  from  the 
official  oil  of  peppermint  or  from  Japanese  or  Clunese  oil  of  peppermint, 
consists  of  colorless  crystals  slightly  soluble  in  water,  freely  soluble  in  alcohol 
or  ether.  It  is  used  externally  in  alcoholic  solution  or  moulded  into  sticks 
and  pencils,  which  are  rubbed  on  the  affected  part. 

Bornaol  or  Borneo  camphor  (C,3t.O),  a  etearoptene  obtuned  from 
Dryobalanops  Camphora,  resembles  camphor  in  appearance  and  solubility, 
but  has  not  been  used  in  therapeutics  and  is  not  ofllcial. 

ThCTApentic  Usm. — Camphor  is  used  externally  in  the  form  of  the 
liniment  or  spirit  as  a  mild  rubefacient  in  bruises  and  sprains,  and 
also  to  destroy  parasites.  Internally  the  spirit  is  prescribed  as  a 
carminative  and  as  an  intestinal  disinfectant.  Its  administration 
for  the  latter  purpose  has  been  shown  to  be  followed  by  a  diminution 
of  the  double  sulphates  of  the  urine,  so  that  it  seems  to  retard  the 
putrefaction  in  the  bowel  to  some  extent.  The  spirit  is  frequently 
pven  to  prevent  "  chill,"  and  may  relieve  the  congestion  of  internal 
organs  through  dilating  the  skin  vessels. 

It  was  formerly  administered  in  cases  of  abnormal  irritability  of 
the  central  nervous  system,  such  as  epilepsy  and  various  other  forms 
of  convulsions,  including  those  produced  by  strychnine,  but  its  action 
would  seem  to  contralndicate  its  use  here  and  camphor  is  scarcdy 
prescribed  in  these  cases  now. 

It  has  been  used,  apparently  with  success,  as  a  stimulant  to  the 
central  nervous  system  in  unconsciousness  and  collapse  arising  from 
different  causes,  and  in  the  depression  and  weakness  of  acute  fevers. 
In  many  of  these  cases,  a  marked  improvement  in  the  pulse  has  been 
observed  after  camphor;  this,  like  the  similar  improvement  seen 
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after  alcohol,  may  perhaps  be  explained  by  its  action  \ 
stomachic  irritant  producing  changes  in  the  circulation  reflexly. 
Solutions  of  camphor  have  been  injected  subcutaneonsly  in  these 
cases,  but  they  canse  pain  and  aweUing  at  the  point  of  injection- 
Camphor  is  ^most  entirely  insoluble  in  watery  fluids  and  is  ap- 
parently absorbed  slowly  and  with  difficulty  in  some  conditions,  and 
this  may  explain  the  absence  of  eSect  in  many  cases  of  coUapse 
treated  with  it. 

.  Camphor  is  often  prescribed  in  expectorant  mixtures,  especially 
in  combination  with  opium,  as  in  paregoric. 

It  has  been  advised  in  hysteria,  and  both  as  an  aphrodisiac  and  aa 
an  anaphrodisiac.  Any  effect  in  tbeee  conditions  must  probably  be 
ascribed  rather  to  hypnotic  suggestion  than  to  the  real  action  of  the 
drug. 

Menthol  is  used  almost  exclusiyely  for  its  effects  on  the  sensory 
nerre  treminations,  and  is  applied  by  nibbing  thb  crystals  or  stic^ 
on  the  skin  in  case  of  headache  and  neuralgia. 

Bomeol  and  monobramated  camphor  are  entirelj  sDperfluoiis.  The  latter 
was  at  one  time  used  as  a  sedative  in  nervous  excitement,  but  does  not  seem 
to  have  been  at  all  beneficial  and  has  fallen  into  disuse. 
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Muak  ia  the  dried  secretion  of  the  preputial  foUioles  of  Mosehos  moscbi- 
ferlf^be  miiak  deer  of  Thibet.  It  forms  &  dark,  reddish-brown,  crumbling 
mass,  with  a  veiy  strong  eharacteristie  odor.  About  10  per  cent,  is  solnhle 
in  alcohol,  about  50  per  cent,  in  water. 

Kfuak  has  long  been  reputed  to  have  a  very  powerful  action  in  collapse 
and  hysteria,  but  is  rarely  procurable  at  the  present  day,  except  in  a  very 
much  adulterated  form.  Yeiy  little  is  known  with  certainty  as  to  its  com- 
position, and  the  odoriferous  matter,  which  is  believed  to  be  the  active 
principle,  has  scarcely  been  examined. 

Earlier  investigators  describe  various  indefinite  subjective  symptoms, 
drowsiness  and  sleep  from  the  use  of  musk,  but  Hermans,  who  studied  the 
subject  more  recently,  could  find  no  effects  from  the  administration  of  musk 
to  men  or  animals.  It  is  rarely  used  at  the  present  time,  and  may  be  con- 
sidered entirely  superflnous. 
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3.    Pepper  Qroup. 

Several  drnfs  vHch  aiit  aa  carminafiviiiB  like  th«  volatile  oils,  but  vhieh 
differ  from  them  id  the  sature  of  their  active  eoustitaente,  may  be  mentioned 
here. 

B1m±  Foppei  contains  a  weakly  basic  substance,  Piperine  (which  is  broken 
up  by  caostic  alkalies  into  Fipendine  and  Piperinic  add),  in  addition  to  a 
volatile  oil  and  a  bitter  pungent  resin.  According  to  Buchheim  a  second 
base,  Chavicine,  also  exists  in  it  and  can  be  decomposed  into  Piperidine  and 
Chavieie  acid.  Piperine  is  i]]flfll"*'|e  in  water,  and  has  therefore  no  taste  ■ 
when  absolutely  pure,  but  is  ^ot  and  pungent  to  the  taste  when  it  is  taken  iu  | 
solution. 

Pyrsthmm,  or  pellitory,  contains  ^milar  constituents,  volatile  oil,  reain 
and  PyrethTi»e,  which  is  decomposed  into  Pipendine  and  Pyrethric  add 
(Buchbetm). 

The  unstable  alkaloid,  Sedine,  of  Sedum  acre  (bittng  stonecrop],  resembles 
the  pepper  alkaloids  in  its  effects,  but  has  not  been  accurately  examined  as 
yet 

OapBicam,  or  Cayenne  pepper,  contains  a  number  of  ill-defined,  non-vola- 
tile bodies,  which  have  been  termed  Capticol,  Capsaicin,  Capaidn,  etc.,  but 
of  which  little  or  nothing  is  known  accurately.  As  it  has  no  volatile  oil,  it 
differs  entirely  from  the  other  members  of  the  series,  but  it  acts  similarly  in 
the  stomach,  and  is  used  frequently  as  an  irritating  carminative. 

Qingei  might  also  be  included  here,  as  it  owes  its  pungency  in  part  to  the  ■ 
presence  of  a  resin  along  with  the  volatile  oil.  V 

The  volatile  oils  derived  from  the  Crucifene  differ  from  the  others  in  con- 
taining Bulphor,  and  in  possessing  a  mnch  more  irritating  action.  Thus  the 
volatile  oil  of  mustard  might  be  treated  of  along  with  the  peppers  rather 
than  with  the  other  volatile  carminatives,  but  mustard  is  used  in  medicine 
only  as  a  akin  irritant,  and  will  be  taken  up  in  that  connection  (see  page  91). 
The  horseradish  (Armoracia,  B.  P.)  and  the  formerly  official  scurvy-grass 
(Cochlearia  ofdcinalis)  are  used  as  carminatives,  and  owe  their  activity  to 
Uielr  containing  similar  or  identical  sulphur  compounds. 

These  drugs  differ  from  the  volatile  oils  only  in  being  more  irritant  when 
applied  to  the  skin  and  alimentary  canal.  The  absorption  of  large  quanti- 
ties has  led  to  inflaimnation  of  the  kidney  in  some  instances. 

Pepper  and  capsicum  ore  largely  used  as  condiments,  and  are  compara- 
tively seldom  prescribed  in  therapeutics.    Both  are  used  in  domestic  medi- 
cine as  skin  irritants,  and  capsicum  is  prescribed  where  a  strong  stomachic 
irntant  is  required.     The  tincture  has  been  employed  in  chronic  alcoholism  11 
in  order  to  provide  a  substitute  for  the  local  irritant  effects  of  spirits  in  the  U 
stomach.    Ginger  preparations  are  added  to  other  remedies  as  flavoring  ll 
agents,  the  ^yrup  being  generally  used,  and  they  are  also  among  the  best  of  *• 
the  carminatives.     The  lozenges  are  prescribed  in  chronic  inflammatory  con- 
ditions of  the  pharynx  and  larynx.     Pyrethrum  is  rarely  employed.     Piperine 
has  been  advised  in  malairia  as  a  substitute  for,  or  adjuvant  to  quinine,  but 
has  fallen  into  disuse.     Pepper  has  been  administered  internally  as  a  genito- 
urinary disinfectant  and  stimulant. 

Pbepabatioits. 
ElBflT  (U-  S.  P.),  black  pepper,  the  unripe  fruit  of  Piper  Nigrum. 
Oleoreaina  Piperia  (U.  S.  P.),  0.03  G.  (i  gr.). 
Piperinum  (V.  S.  P.),  0.1-0.5  G.  (2-3  gra.). 
Pyiethrom  (U.  S.  P.),  pellitory,  the  root  of  Anacyclus  Pyrethrum. 
Tinetura  Pyrelhri  (U.  S.  P.). 

Ztngibgr  (U.  S.  P.,  B.  P.),  ginger,  the  rhizome  of  Zingiber  officinale.       u  '-  ?  '^^ 
" »  Zingiberit  (U.  S.  P.,  B.  P.),  4-8  ce.  (1-2  fl.  drs.}. 
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Tinctura  Zingiberis  (U.  S.  P.,  B.  P.)>  2-4  e.c.  (^^1  fl.  dr.). 

FlvideKtractum  Zingiberis  (U.  S.  P.),  0^1  c.c.  (5-15  mina.). 

Oleoreaina  Zingiberis  (U.  S.  P.),  0.03  G.  (J  gr.). 

Oftpslcnm,   Cayenne  pepper,  cIiillieB,  the  fruit  of  Capsicum  faatigi&tiuD 
(tJ.  S,  P.) ;  CapBici  rrnctos,  the  dried  fruit  of  Capsicum  minimum  (B.  P.). 
t  -  Tinetura  Capsici  (U.  S.  P.,  B.  P.),  1  cc.  (15  mma.). 

Oleoreaina  Capsici  (U.  S.  P.),  0.03  G.  (J  gr.). 

Flwdextractum  Capsici  (U.  S.  P.),  0.03-0.1  c.c.  (1/2-2  mins.). 

Emplastrum  Capsici  (TJ.  S.  P.). 

Unguentum  Capsici  (B.  P.). 

Axmorkdje  Badiz  (B.  P.),  horeeradish  root,  the  fresh  root  of  Cochlearia 
Annoracia. 

Spiritus  Armoraciie  Compositua  (B.  P.),  1-2  fl.  drs.     (See  p.  66.) 

Piper  Uethirticiun,  or  Eava  Kava,  is  used  iu  the  South  Sea  leQands  to 
prepare  an  intoxicating  liquor,  which  according  to  Kesteyen,  differs  from 
the  alcoholic  preparations  iu  producing  marked  moscnlar  wei^esa  without 
afFecting  the  mental  powers.  Other  observers  stat^,  however,  that  it  causes 
confusion  and  sleep  very  much  as  alcohol  does.  Its  local  action  resembles 
that  of  pepper,  and  like  it,  it  has  been  advised  in  gonorrhoea.  It«  virtues 
seem  to  reside  in  two  resinous  bodies. 


BiBLlOGBAPHT. 

Bwihheim.    Areh.  f.  exp.  Path.  n.  Pbann.,  v.,  p.  456. 

Jungtt.    Ibid.,  xxiv.,  p.  315. 

Hogyes.    Ibid.,  iz.,  p.  117. 

Kesteven.    Practitioner,  xxriii.,  p.  199. 

Lewin.    Berlin.  Uiu.  Woeb.,  1S86,  p.  7. 

Cerna.    Tberapent.  Gazette,  1S9I,  p.  T. 

4.    Ualodoroiu)  Volatile  0U>. 

Some  of  the  volatile  oils  differ  from  the  others  in  possessing  an  odor 
which  is  disagreeable  and  nauseating  to  most  people,  although  not  to 
all.  The  best  known  of  these  are  the  Oils  of  AmfcBtida  and  Valeriofn. 
The  former  occurs  along  with  resins  and  gums  exuding  from  some 
species  of  Ferula,  and  contains  several  organic  su^p^inr  compounds,  to 
which  it  owes  its  odor.  Oil  of  Valerian,^  from  Valeriana  officinalis, 
is  almost  without  odor  when  freshly  distilled,  but  when  kep^er  some 
time  and  exposed  to  the  air,  it  assumeB  a  somewhat  unpleasant,  pene- 
trating odor.  It  contains  two  terpenes,  bomeo-camphor,  and  numer- 
ous esters  of  formic,  acetic  and  valerianic  acid.  While  both  of  these 
oils  are  generally  regarded  as  possessing  very  unpleasant  odors,  asa- 
fcetida  is  used  in  India  as  a  condiment,  and  valerian  was  formerly 
used  in  England  as  a  perfume.  Another  species  of  Ferula  which  is 
included  in  the  pfaarmacopoBias,  but  of  which  little  is  known,  is 
Sumbul,  the  root  of  Ferula  Sumbul.  It  has  a  strong  musk-like  odor, 
and  is  sometimes  used  to  adulterate  musk. 

Asafoetida  and  valerian  are  used  in  hysterical  affections,  and  the 
benefits  accruing  from  their  administration  have  generally  been 
attributed  to  the  mental  impression  produced  by  their  unpleasant 
odor  and  taste,  and  not  to  any  action  they  produce  after  absorption. 

But  Kionka^  states  that  valerian,  in  small  doses,  has  a  definite 
■  SikoTilea,  Thtoe  de  Geneve,  1899. 
'Arch.  Internat.  de  PbaTmacodyn.,  ziii.,  p.  219. 
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etimnlatiTig  action  on  the  psychical  functions  and  the  circulation,  and 
thftt  this  is  due  to  the  presence  of  certain  valerianic  eaters  in  the  oil. 
Some  artificial  compounds  {Valyl)  possessing  similar  properties  have 
also  been  formed.  The  ordinary  valerianic  salts  have  no  further 
effects  than  other  salts  of  the  acetic  acid  series,  so  that  it  is  quite  irra- 
tional to  use  such  bodies  as  valerianate  of  quinine  for  their  action  in 
hysteria. 

Asafoetida  is  also  used  like  the  other  volatile  oils  as  a  carminative  | 
and  as  an  expectorant,  and  the  emulsion  is  given  by  the  mouth  or  in  I 
an  enema  tTTelieveabdominal  distention. 

Pebpabations. 

AflsftBtidft  (IT.  S.  P.)  I  a  mixtore  of  volatile  oil,  ^um,  and  resin  from 
Femla  fcetida.  >>"■ 

EmtOsum  Asafcetida,  15-30  c.C.  (  y2-l  fl.  oz.). 

Pilulff  AaaftEtidtB,  1-3  pills. 

Tinctura  Asafatidte,  1-2  cj:.  (15-30  mins.). 

Asafetidm  (B.  P.),  a  gum-resin  obtained  from  the  root  of  Femla  ftetida 
and  probably  other  Bpedee. 

Tinctura  Agafetidte,  Vz-l  &■  dr. 

FQula  Aloes  et  Atafetidee,  4^-8  grs. 

Ptitila  Gailham  Composita,  4-8  grs. 

Spiritue  Ammonke  Fetidus,  20-40  mins.  for  repeated  administration;  for  a 
edngle  admimatration  60-90  mins. 

Valorlana  (U.  S.  P.),  Valerluia  Radix  (B.  P.),  valerian,  the  rhizome  and 
roots  of  Valeriana  ofBcinalis, 

Fhiidextractum  Valeriana  (TJ.  S.  P.),  2-4  c.c.  (V4-1  A.  dr.). 

Tinctura  VaUriame  (U.  S.  P.),  4  c.c  (1  fl.  dr.).  »,  ^^^ 

Tinetwa  Valeriatue  Ammoniata  (U.  S.  P.,  B.  P.),  1-4  c.c.  (15-60  mips.). 

6.  Volatile  Oils  Used  aa  Oemto-arinaiy  Disinfectants. 
Another  group  df  volatile  oils  is  used  chiefly  for  genito-urinary  dis- 
infection. The  best  known  of  these  are  the  /^«v°  nf  Hnpni^n  Cubebs  i 
and  Saj^^jiiaod,  which  resemble  each  other  closely  in  character.  Oil 
of  cubebs  and  oil  of  copaiba  contain  a  lai^  proportion  of  sesquiter- 
pene (CiqHji),  and  the  oil  of  sandalwood  has  two  oxidized  substances 
(santolol  and  santalal),  which  can  be  reduced  to  a  sesquiterpene  iden- 
tical with  that  of  copaiba.  In  copaiba  the  volatile  oil  is  associated 
with  one  or  more  resinous  acids,  and  in  cubebs  there  is  in  addition  to 
resinous  acids  a  bitter  substance,  Cubebin,  which  is  not  absorbed  from 
the  stomach  and  bowel,  however,  and  is  entirely  inactive.  Cubebs 
and  copaiba  have  long  been  used  as  genito-urinary  disinfectants,  while 
sandalwood  oil  is  a  more  recent  addition  to  the  group,  which  is  lesa 
disagreeable  to  take  and  has  leas  tendency  to  disturb  the  digestion.' 
The  oils  have  the  ordinary  effects  on  the  ^in,  stomach  and  intestine, 
are  absorbed,  and  are  excreted  partly  by  the  lungs,  but  chiefly  by  the 

*  The  Heal  Eeulto-arinarj  dlainf  eetaiit  of  thia  series  ought  to  be  well  bome  lij 
tbe  stomach  and  bowel,  and  ought  to  be  excreted  mainlj  hj  the  kidneys  in  a  faii^ 
ftrong  combination  with  glfcnronie  add,  as,  if  the  latter  is  easily  split  off  in  the 
nrine,  it  is  liable  to  act  aa  a  culture  medium  for  bacteria.     (Bchmiedeberg.) 
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I  kidneys  in  combination  with  gljcuronic  acid ;  some  oil  la  unchanged, 
some  is  partially  oxidized  in  the  tissues. 

The  products  of  the  oils  excreted  in  the  urine  appear  to  have  some 

I   antiseptic  action,  for  the  urine  of  persons  treated  with  them  putrefies 
more  slowly  than  ordinary  urine  and  the  growth  of  many  of  the  more 
common  germs  is  somewhat  retarded  by  it.     On  the  other  hand  there 
seems  some  question  as  to  how  far  it  is  destructive  to  the  gonococcus, 
which  sometimes  grows  readily  in  culture  media  made  up  with  such 
urine  instead  of  water.    Wintemitz  therefore  attributes  the  undoubted 
/  therapeutic  efficacy  of  these  oils  to  their  lessening  the  inflammatory 
/  exudate  rather  than  to  their  antiseptic  action,  without  denying  that 
I    the  latter  may  also  be  of  some  importance.     In  large  quantities,  these 
oils  cause  irritation  in  the  bladder  and  urethra,  which  leads  to  a  con- 
stant desire  to  micturate,  and  to  much  pain  and  difficulty  in  doing  so ; 
sometimes  the  pain  is  so  great  as  to  lead  to  complete  retention.    When 
the  urethra  or  bladder  is  in  a  state  of  inflammation,  these  symptoms 

II  are  produced  by  even  small  doses,  so  that  these  oils  are  generally 
B  avoided  in  the  acute  stages  of  inflammation,  and  only  given  later 
"when  the  disease  has  passed  into  the  subacute  or  chronic  stage.    They 

are  used  in  some  inflammatory  affections  of  the  bladder,  but  much 
more  extensively  in  gonorrhcea. 

Copaiba  and  cubebs  both  contain  resinous  acids  in  addition  to  the 
volatile  oil,  and  these  possess  considerable  diuretic  powers,  and  are 
also  credited,  along  with  the  oils,  with  some  action  on  the  bronchial 
mucous  membrane,  bo  that  they  often  form  constituents  of  "expec- 
torant" mixtures,  prescribed  to  lessen  the  secretion  of  the  bronchi. 
These  resins  are  excreted  in  the  urine,  and  are  precipitated  by  the 
addition  of  acids ;  when  the  nitric  acid  tests  for  albumin  are  employed 
after  copaiba,  a  precipitate  ia  accordingly  obtained,  and  may  be  mis- 
taken for  albumin,  but  can  easily  be  distinguished  from  it  by  the  addi- 
tion of  alcohol,  which  redissolves  the  resin  but  not  the  protein.  The 
urine  is  often  found  to  reduce  Febling's  solution,  in  some  cases  appar- 
ently from  the  presence  of  sugar,  in  others  from  the  glycuronic  acid 
combined  with  the  oil.  The  oil  of  sandalwood  is  excreted  more 
rapidly  than  the  others.     Copaiba  and  cubebs  are  less  irritant  to  the 

(stomach  than  many  of  the  other  volatile  oils,  but  after  their  prolonged 
administration  (especially  in  the  case  of  copaiba)  symptoms  of  gastric 
disturbance  sometimes  appear  in  loss  of  appetite  and  uneasiness  in  the 
stomach.  Sandalwood  oil  is  said  to  be  less  irritant  than  the  others. 
Occasionally  skin  eruptions  occur  after  the  use  of  these  oils ;  they  are 
generally  of  the  nature  of  urticaria,  sometimes  of  erythema  nodosum, 
and  only  very  rarely  is  eczema  seen.  The  cause  of  these  skin  erup- 
tions is  unknown,  but  they  may  be  due  to  the  gastric  disturbance. 

Pbepasatioits. 
Copaiba  (TJ.  8.  P.,  B.  P.),  Balsam  of  Copaiba,  Copuva,  the  oleoredn  of 
Copuba  Langsdorffii  and  of  other  species  of  Copaifeis.    Dose,  0.5-1.3  c.c, 
(10-20  minB.) ;  B.  P.,  ^^1  fl.  dr. 
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OusnH  CoPAms  (U.  S.  P.,  B.  P.),  the  oil  freed  from  the  reein  b;  distilla- 
tion, 0.5-1  e.e.  (10-15  mitiB.). 

Onbeba  (TT.  8.  P.),  Oabebe  Frnctiu  (B.  P.),  Cnbebs,  the  unripe  fruit  of 
Piper  Cnbeba. 

Flutdextraetum  Cv^eha  (U.  S.  P.),  0^2  CO.  {10-30  mins.). 

Oleokesina  Cubkbj:  (U.  S.  P.),  0.5  G.  (7i  grs.). 

TiHctwa  Cubeba  (B.  P.),  4-8  o.c.  (1-2  fl.  drs.). 

Oixtm  CVBEOJE  (U.  S.  P.,  B.  P.),  0.5-1  c.c.  (10-15  mins.). 

Trochisd  Cuhehee  (U.  S.  P.). 

01«nm  Stmtall  (TJ.  S.  P.,  B.  P.),  Sandalwood  oil,  distilled  from  the  wood 
of  Santalum  atbnm.    Dose,  0.5-1  c.e,  (10-15  mins,), 

TberapentiG  Usea.— Ab  has  been  mentioned,  these  drugs  find  their 
m(»t  extensive  application  in  the  subacute  stages  of  cystitis  and  gonoi^  \ 
rhcea.'     They  are  also  used  in  bronchial  disease  with  an  excessive  I 
flow  of  mucopurulent  secretion ;  less  oft«n  copaiba  la  prescribed  along  j 
with  other  diuretics  to  promote  the  secretion  of  urine.     The  cubeb 
lozenges  are  sucked  in  hoarseness  and  relaxed  sore  throat,  and  often 
give  relief  owing  to  the  pungent  stimulating  action. 

In  gonorrhcea  the  therapeutic  agent  is  undoubtedly  the  volatile  oil, 
the  resin  having  little  or  no  antiseptic  action.  The  oils  and  the  oleo-  i 
resins  are  often  administered  in  capsules,  as  they  have  an  nn-  I 
pleasant  odor  and  taste,  especially  those  of  copaiba.  They  may  also  I 
be  given  as  emulsions,  and  cubebs  is  aometimes  prescribed  as  a  J 
powder  suspended  in  mucilage. 

Several  other  oils  have  been  used  as  substitutes  for  Coptuba  and  Cubebs, 
Among  these  may  be  mention^  Gurjon  Balaam,  whioh  is  obtained  from 
DipterocarpDB  alatus,  and  cootains  a  sesquiterpene  and  a  resin.  It  has  been 
used  in  gonorrbtBa  and  as  a  local  application  in  leprosy. 

Hatico,  the  dried  tops  of  Piper  angaatifolium,. which  contains  a  volatile 
oil,  reein  and  acid,  has  aleo  been  used  in  gonorrhcea  to  some  extent. 

Its  pharmocopceial  preparation  is 

Flvidextraetum  Matico  (U.  S.  P.),  1-3  c.c  (15-45  mine.). 

BiBLIOOEAPHT. 

BenaUik.    Tierteljahirsebrift  f.  prakt.  Heilkunde,  Izzxi.,  p.  9,  and  c,  p.  230. 

Behmidt.    Arch.  d.  Pharm.,  eici.,  p.  1.  . 

Qiiijicke.     Arch.  f.  exp.  Path.  n.  Pharm.,  ivii.,  p.  273. 

Beffter.    Ibid.,  lav.,  p.  389. 

Wmtemitx.    Ibid.,  xlv.,  p.  163. 

Earo.    Ibid.,  ilvi.,  p.  242. 

HUdebrandt.     Ztmbr.  f.  phjdol.  Chem.,  xxxri.,  p.  448. 

Btulu.     Wiener.  Uin.  Woeh.,  xv.,  p.  442. 

See  also  the  blbliograpfaf  of  the  volatile  oils  in  gtneraL 

6.    Vva  VtA   (Arbutin). 

A  number  of  drags  which  are  used  for  almost  the  same  purposes  as  the 
cubebs  series,  bnt  which  do  not  all  owe  their  activity  to  volatile  oils,  may 
be  mentioned  here. 

Uva  UnL — The  leaves  of  the  bearberry,  Arctostaphylos  Uva-Ursi,  and  of 
allied  plants  contain  two  glaeosides,  Arbutin  and  Methylarbutin,  along  with 
large  quantities  of  tannin,  an  inactive  glucoaide,  EricoKn,  and  a  neutral  in- 

*  Other  reniedSee  whleh  have  some  reputation  in  them  eondiUona  aie  nrotropla 
and  the  sali^lle  coRtponnds. 
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solabld  body,  Urson.  These  glncosides  ore  decomposed  by  the  action  of 
acids  or  of  emulsio  into  glacose  and  hydroquinone  or  metliylhydroquinone, 
bodies  of  the  benzol  seriee.  A  part  of  tbe  arbutin  adminiatrated  in  thera- 
pentica  seems  to  undergo  this  decom  position  in  the  body,  bat  moat  of  it  is 
elimmated  by  the  kidneys  nnchanged.  It  is  possible  that  tbe  small  quantity 
of  hydroquinone  and  methjlbydroquinone  which  appears  in  the  urine  is 
formed  from  arbutin  by  the  bacteria  of  the  intestine,  and  not  by  tbe  activity 
of  tbe  tissues. 
.  Uva  urei  ia  found  to  have  some  diuretic  action,  which  is  obviously  due  to 
I  its  acting  on  tbe  renal  epitheliuai,  and  the  urine  is  found  to  undergfo 
1  putrefaction  much  more  slowly  than  usual.  This  was  at  one  time  believed 
to  be  due  to  tbe  formation  of  hydroquinone,  but  it  seems  more  likely  that 
arbutin  iteelf  is  a  slight  stimulant  to  the  renal  cells,  and  that  it  is  also 
weakly  antiseptic.  It  is  still  undecided  how  far  the  other  constituents  of 
nva  nrsi  are  active,  but  there  is  little  doubt  that  the  arbutin  and  methyl- 


deepens  when  it  is  allowed  to  stand  and  undergo  putrefaction.  Tbe  color- 
ation is  due  to  the  hydroquinone,  which  is  subject  to  further  oxidation,  and 
forms  brownish-green  pigments  similar  to  tbose  seen  in  tbe  urine  after 
carbolic  acid  and  its  allies.  When  decomposition  of  tbe  urine  occurs  in  tbe 
bladder,  as  in  cystitis,  the  urine  may  have  this  dark  color  when  passed.  In 
these  cases  probably  less  of  tbe  arbutin  escapes  nndecomposed,  but  this  has 
not  been  demonstrated. 

Lai^  quantities  of  uva  ursl  cause  nausea,  vomiting  and  diarrhcea,  but 
Lewin  states  that  this  disturbauce  of  the  alimentary  canal  may  be  avoided 
by  filtering  the  watery  preparations  through  animal  charcoal,  or  by  admin- 
istering the  glucosides  instead  of  the  cruder  preparations. 

Bndko,  the  leaves  of  several  species  of  Barosma,  contain  a  volatile  oil, 
one  constituent  of  which  is  a  campbAr  body,  Dioaphenol.  This  volatile  oil 
is  absorbed  and  is  excreted  by  the  kidneys,  and  renders  the  urine  sli^tly 
antiseptic.     It  does  not  increase  the  renal  activity  appreciably. 

Zes^  or  comsilk,  contains  a  resinous  acid  wluch  increases  the  secretion  of 
urine  by  direct  stimulation  of  the  renal  epithelium. 

Ohimaphila,  or  pipsissewa,  contains  a  volatile  substance,  ChimaphOin,  and 
arbutin,  and  is  used  as  ti  substitute  for  Uva  ursi. 

Pbepaeatioms. 

Uva  Ursl  (U.  S.  P.),  Uv»  Ural  Toll*  (B.  P.),  the  leaves  of  Arctostaphylos 
Uva-urai  (bearberry). 

FlmdextTwetum  Uva  Vrsi  (U.  S.  P.),  5-15  cj;.  (1-4  fl.  drs.). 

Infiuum  Uva  Ursi  (B.  P.),  ^^1  fl.  oz. 

Bnctau  (U.  S.  P.),  Bndia  Folia  (B.  P.),  tbe  leaves  of  Baroama  betulina 
and  B.  crennlata. 

FlmdextToetum  Buchu  (TJ.  S.  P.),  2-4  ce.  (30-fiO  mina.). 

Tinctura  Buchv  (B.  P.),  V2-I  fl.  dr. 

Inftuum  BwAu  (B.  P.),  1-2  fi.  oz. 

Arbutin  has  been  advised  as  an  improvement  on  tbe  crude  Uva  nin.  It 
is  given  in  doses  of  1-4  G.,  in  sweetened  solution. 

T&arapeatic  Uses. — These  drugs  are  all  used  as  mild  dionfectants  of  tbe 
urinary  tract,  and  are  generally  prescribed  along  with  more  powerful 
diuretics.  They  are  said  to  give  relief  in  catarrh  and  inflammation  of  the 
bladder,  but  are  of  little  importance. 

BiBLIOOBAPHT   OP   UvA   ITeSI. 

Lemn.    Virchow's  Arehlv,  xdi.,  p.  621. 
Pateltkit.    Wiener  Med.  Prewe,  1884,  p.  398. 
KvMkO.    Mtlneli.  med.  Woeh.,  1886,  p.  891. 
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The  practice  of  applying  irritants  to  the  skin  in  internal  diseases 
is  one  of  great  antiquity.  The  theories  on  which  this  therapeutic 
method  is  based  have  changed  with  the  adv&nce  of  medical  know- 
ledge, until,  no  explanation  satisfactory  to  modem  scepticism  being 
forthcoming,  the  use  of  these  remedies  has  fallen  into  a  certain  dis- 
repute in  the  last  few  years.  The  old  theory  of  revulsion  or  deriva- 
tion was  at  Srst  based  on  the  belief  that  disease  was  a  malignant 
entity  or  humor,  which  might  be  drawn  from  the  deeper  organs  to 
the  surface  by  means  of  irritation  of  the  skin.  Later,  it  was  sup- 
posed that  the  congestion  of  the  diseased  organs  might  be  relieved 
by  the  withdrawal  of  fluid  to  the  skin,  and  this  belief  has  been  held 
in  more  or  less  modified  forme  in  quite  modem  times.  In  addition, 
it  was  recognized  very  early  that  irritation  of  the  skin  relieved  pain 
in  many  instances.  The  means  by  which  the  skin  irritation  was 
attained  were  eztremely  numerous  and  varied ;  large  numbers  of 
drugs  have  been  used,  and  in  addition  mechanical  devices  of  all 
kinds  were  employed,  such  as  burning,  electrical  currents,  or  the 
introduction  of  setons.  In  many  of  these  the  idea  of  irritation  was 
combined  with  that  of  leaving  a  way  of  escape  for  humors.  This 
latter  is  only  of  historical  interest,  but  the  practice  of  relieving  in- 
ternal organs  by  external  irritation  or  counter^irritation  persists  still, 
and  perhaps  merits  more  attention  than  it  receives  at  the  hands  of 
many  physicians. 

The  "fffflt?  fif  nn  irritant  applied  to  the  akin  are  local  and  remote. 
The  first  symptoms  of  irritation  are  congestion  and  redness  of  thei 
part,  and  many  drugs  which  produce  only  this  degree  of  irritation  in 
ordinary  circumstances,  are  known  as  Rubefacients.  Stronger  irri- ' 
tants  cause  blistering,  and  are  called  Vesicants,  while  some  drugs 
which  cause  irritation  and  """"U  i^'irrafn  niippwrfttifmn,  receive  the 
name  of  Pustulants. 

Local  Symptomju — The  application  of  an  irritant  to  the  skin  causes 
a  feeling  of  warmth,  and  often  of  itching,  which  may  later  become 
intensified  into  actual  pain.  The  skin  becomes  red,  congested,  warm, 
and  at  first  is  more  sensitive  to  touch  and  painful  stimuli,  though 
the  sensitiveness  is  afterwards  lessened.  This  condition  persists  for 
a  longer  or  shorter  time  according  to  the  nature  of  the  irritant,  and 
then  passes  off  slowly.  Very  often  desquamation  follows,  if  the 
rubefacient  has  acted  for  some  length  of  time.  Stronger  irritation  is 
followed  at  first  by  the  same  results,  but  soon  small  globules  of  fluid 
appear  below  the  epidermis,  and  these  coalesce  so  as  to  form  a  large 
accumulation  of  fluid,  which  raises  the  epidermis  completely  off  the 
true  skin,  forming  a  blister.  If  the  irritant  be  removed,  the  fluid  of 
the  blister  undergoes  a  slow  absorption,  so  that  in  the  course  of  a 
few  days  the  epidermis  forms  an  empty  sack,  which,  however,  is  Qot 
obliterated  by  the  adhesion  of  the  walls.    If  the  blister  be  opened, 
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the  sensitive  dermis  is  exposed,  and  the  secretion  of  fluid  continues 
for  some  time,  until  a  new  epidermis  has  heen  formed. 

The  distinct  and  separate  points  of  inflammation  caused  bj  the 
pustulants  are  due  to  their  affecting  the  orifices  of  the  skin  glands 
and  not  interreuing  tissue.  This  has  been  ascribed  in  some  in- 
stances to  the  drug  being  rendered  irritant  at  these  points  by  the 
presence  of  acids  formed  by  the  decomposition  of  the  sebum  and 
perspiration;  a  simpler  explanation  is  that  the  pustulants  cannot 

Ipass  through  the  homy  epidermis,  but  act  as  irritants  wherever  they 
come  in  contact  with  living  tissue,  that  is,  at  the  oriflces  of  the 
glands.  They  cause  the  same  sensation  of  warmth  and  prickling  of 
the  skin  as  the  other  irritants,  but  even  in  the  earlier  stages  of  their 
action  small,  dark-red,  raised  points  are  observed,  exactly  as  in  some 
of  the  exanthemata,  and  these  afterwards  form  small  abscesses.  If 
the  application  be  persisted  in,  these  discrete  abscesses  may  burst 
through  the  intervening  tissues  and  become  confluent,  and  large 
abscesses  have  thus  been  formed  in  the  skin.  When  the  irritant  is 
removed  before  the  formation  of  pus,  the  inflammation  of  the  ducts 
slowly  subsides  and  the  epidermis  peels  off  as  after  the  milder  irri- 
tants. Pustulants  are  seldom  employed  at  the  present  time;  croton 
oil  applied  vigorously  may  induce  pustulation,  and  tartar  emetic  was 
formerly  largely  used  for  this  purpose. 

The  ]i;)cftl  pffpf.tfj  nf  ttiB  mTipfH^'ioTifa  jlthI  ..iM^'nanto  gje  identical 
with  those  of  acute  inflammation.  The  pain  and  discomfort  are  oiie 
to^e  action  on  the  nerve  terminations,  while  the  redness  and  swell- 
ing betray  the  local  dilation  of  the  vessels.  This  latter  is  perhaps 
due  to  the  direct  effect  of  the  irritant  on  the  vessel  walls,  rather  than 
to  any  reflex  action  from  the  irritation  of  the  sensory  nerves,  but  it 
cannot  be  said  to  be  known  how  far  this  agency  is  involved  in  the 
resolt.  The  dilatation  of  the  vessels  and  the  slowing  of  the  blood 
current  in  them  lead  to  the  transudation  of  fluid  and  leucocytes  into 
the  tissues,  especially  at  the  points  where  the  irritation  is  greatest, 
and  the  accumulation  eventually  pushes  off  the  homy  epidermal 
layer  from  the  living  layers  and  forms  a  blister.  The  fluid  in  the 
blister  has  heen  shown  to  contain  some  of  the  irritant,  which  diffuses 
into  it  through  the  epidermis.  The  oedema  and  swelling  is  not  con- 
fined to  the  skin,  but  extends  into  the  subcutaneous  tissue  and  the 
more  superficial  layers  of  muscle. 

If  the  irritation  be  continued  long  enough,  suppuration  may  com- 
mence in  the  blister  and  lead  to  deep  erosion  of  Uie  tissues. 

Bemotfl  Action. — Local  irritation  cannot  exist  without  causing  cer- 
tain general  changes  which  affect  the  whole  organism.  These  arise 
from  the  reflex  stimulation  of  various  centres  in  the  medulla  ob- 
longata, and  are  thought  to  explain  many  of  the  beneficial  effects  of 
counter-irritation.  Attempts  to  base  the  explanation  of  counter- 
irritation  on  these  general  effects  have  all  fail»],  however,  and  many 
of  them  are  elicited  only  by  widespread  irritation  or  by  more  in- 
tense localised  irritation  than  is  induced  by  ordinary  therapeutic 
methods. 
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The  centres  inTolved  are  those  r^ulating  the  heart,  the  tone  of  the  veasels,  j 
and  the  respiration.  Moderate  irritation  of  the  skin  cansea  an  acceleration  ■ 
of  the  heart-rbythm,  which  haa  not  been  eatiafactorily  explained,  while  more 
powerful  irritation  slowa  the  heart  through  the  inhibitor;  centre.  The  blood- 
pressure  measured  in  the  arteries  is  considerably  increased  by  ordinary  irrita- 
tion of  the  skin,  but  if  it  be  very  severe  or  widespread,  the  bIowdbbb  of  the 
pnlse  may  cause  a  fall  of  tension.  This  increase  in  the  blood-preesnre  is  dnei 
to  the  reflex  stimulation  of  the  vasomotor  centre,  which  causes  a  eonstrictioni 
of  the  arterioles  over  wide  areas  of  the  body.  The  constriction  is  not  generalft 
however,  bnt  seems  to  EiSect  the  abdominal  organs  chiefly,  while  the  vesselsl 
of  the  limbs  and  probably  those  of  the  skin  are  not  contracted.  The  result  is' 
that  while  the  blood -pressure  is  raised  equally  throughout  the  body,  thej 
reBistanee  to  the  circulation  is  greater  in  the  abdominal  o^ans  than  in  the! 
rest  of  the  body,  and  more  blood  is  accordingly  supplied  to  the  muscles  and' 
skin  and  less  to  the  internal  organs  than  normally. 

The  effects  of  skin  irritation  on  the  respiration  are  less  uniform.  In 
the  rabbit  the  breathing  is  sometimes  accelerated,  sometimes  slowed  by  mild 
stimnlation,  while  stronger  stimuli  seems  to  slow  it  always.  The  effect  of 
the  application  of  skin  irritants  on  the  respiration  in  man  has  not  been/ 
obeerved  accurately,  bnt  that  sudden  stimulation  of  the  skin  causes  gaspina 
and  irregularity  of  the  respiration,  may  be  observed  whenever  cold  wat^ 
comes  in  contact  with  the  more  sensitive  parts  of  the  body. 

The  temperature  of  the  body  also  undergoes  changes  when  the  skin  is 
irritated.  When  the  irritation  is  slight,  an  increase  in  the  rectal  temperature 
is  often  observed  at  first,  while  a  decrease  follows  later,  but  on  powerful 
stimulation,  the  preliminary  rise  of  temperature  is  so  short  as  to  escape 
observation  by  ordinary  methods,  while  the  subsequent  fall  is  more  distinct 
and  prolonged.  The  skin  temperature  is  raised  at  the  same  time  as  the 
internal  temperature  falls.  The  esplanation  of  these  changes  in  the  internal  1 
and  external  temperatures  is  obviously  the  altered  distribution  of  the  blood,  1 
more  of  which  flows  through  the  skin  vessels  and  is  cooled  than  usual.  This 
results  in  a  fall  of  the  internal  temperatnre  and  a  rise  in  that  of  the  skin, 
through  the  warm  blood  from  the  interior  of  the  body  pouring  through 
the  superficial  vessels.  The  preliminary  rise  in  the  temperature  has  not 
been  explained.  The  whole  subject  of  the  alteration  of  the  temperature 
through  counter-irritation  has  perhaps  received  greater  attention  than  it 
deserves,  if  the  observations  of  Jacobson  be  correct,  for  he  found  the  varia- 
tions in  man  to  amount  to  less  than  one-tenth  of  a  degree  Centigrade  as  a 
general  rule. 

The  metabolism  has  been  found  to  be  altered  by  the  application  of  irritants 
to  the  skin,  and,  although  in  the  experiments  on  which  this  statement  is 
based,  the  surface  exposed  to  the  irritant  was  larger  than  that  affected  in 
therapeutics,  it  seems  probable  that  some  change  ia  produced  by  the  ordinary 
agents  also.     Znnts  and  Rdbrig  found  that  bathing  animals  in  strong  salt  1 
solution  increased  the  oxygen  absorbed  and  the  carbonic  add  excreted  much  I 
more  than  bathing  in  ordinary  water,  and  Paalzow  obtained  the  same  result  | 
from  the  application  of  mustard  plaster.     The  nitrogen  of  the  urine  is  also 
said  to  be  increased.     This  increase  in  the  oxidation  of  tbe  tissues  is  of  the 
same  nature  as  that  produced  by  cold,  and  is  due  to  an  angmentation  of  the 
muscular  actirity,  which,  however,  is  too  slight  to   cause  any  perceptible 
movement. 

Irritation  of  the  skin  induces  leucocytoais  in  the  same  way  as  irrita-. 
tion  of  the  alimentary  canal.  This  is  especially  evident  after  the  application') 
of  a  vesicant  such  as  cantbarides  plaster,  while  ruhef action  seems  to  have  less  / 
effect.  The  injection  of  irritants  into  the  subcutaneous  tissues  iudnces  «( 
leueocylosis  similar  to  that  following  cantbarides. 

Lastly,  in  considering  the  effects  of  skin  irritation  on  the  general  vitality,  it 
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Im&y  be  mentioned  that  a  sudden  application  may  awake  the  c 
ia  seen  in  the  effects  of  dashing  cold  water  on  the  ehest,  or  of  striking  the 
bands  in  narcotic  poisoning.  Another  example  is  seen  in  ^e  improved  mental 
condition  so  often  observed  in  fever  patients  treated  with  cold  baths.  This 
improvement  is  due  to  the  changes  in  the  skin,  and  not,  as  is  often  said,  to 
the  fall  in  temperature,  for  the  latter  is  often  insignificant 

Pm.  1. 


>pln>l  cord.    Tht  ImpnlBes  from  the  dlieased  a 


1  Indnce  a  cmidltloii 


B,  ■  motor  nerve  flbre  to  mnade,  whlcb 
'n  the  cord  and  thui  leads  tr  -  • — '- 


e  Impulses  fbaa  usual  from  the  a .__ 

eontractlDO  at  the  muscle.    A,  the  afferent  nerve  from  the  mnscle  and  A'  1. . 
altering  the  cord  In  the  sensitive  Brea  and  thus  giving  rUe  to  the  sense  o 


All  of  these  effects  are  produced  by  irritation  at  any  point  of  the 
surface,  and  are  quite  inaufficient  to  explain  the  practical  uae  of 
counter-irritants  to  affect  a  particular  organ.  For  example,  in  gas- 
tric disorders  a  counter-irritant  is  often  applied  just  over  the  ensi- 
form  cartilage,  while  in  facial  neuralgia  a  blister  behind  the  ear 
often  gives  relief.  If  the  beneficial  results  were  due  to  the  general 
alteration  of  the  circulation,  respiration,  or  temperature,  there  would 
be  no  reason  to  vary  the  point  of  application,  for  the  effect  would 
not  vary.  Zuelzer,  therefore,  attempted  to  ascertain  whether  the 
deeper  tissues  and  the  internal  organs  were  affected  by  superficial 
irritation  over  them,  and  found  that  when  cantharides  was  applied 
to  one  side  of  a  rabbit's  bad:  for  fourteen  days,  the  superficial 
muscles  under  it  were  congested,  while  the  deeper  layers  and  the 
lung  were  aneemic  when  compared  with  the  corresponding  parts  on 
the  other  side.  His  treatment,  however,  led  to  necrosis  and  suppura- 
tion, 80  that  his  conclusions  are  not  unimpeachable.  Lazarus-Barlow 
and  Philipps  observed  recently  that  the  muscles  on  the  same  side 
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as,  but  at  some  distance  from  a  blister,  were  of  higher  Bpecifio 
gravity  than  those  on  the  raiinjured  side,  while  those  immediately 
below  the  blister  were  of  lower  specific  gravity,  and  therefore  con- 
cluded that  fluid  was  drawn  from  the  deeper  muscles  to  supply  the 
superficial  ones.  This,  however,  evidently  requires  that  the  internal 
oi^ans  to  be  affected  must  be  not  only  contiguous,  but  also  continu- 
ous with  those  directly  affected,  and  offers  no  explanation  of  the 
alleged  effects  of  irritation  of  the  skin  upon  the  stomach  or  lungs. 

Much  light  has  been  thrown  on  the  subject  by  the  observations  of 
Hackenzie  and  Head,  who  found  that  visceral  disease  is  often  accom- 1 
panied  by  tenderness  of  the  skin  and  underlying  muscles,  and  that  | 
the  pain  arising  in  these  cases  is  referred  to  this  area  of  skin  and  not 
to  the  organ  involved^    Thus  In  painful  diseases  of  the  stomach, 
tenderness  is  often  found  in  the  skin  and  muscles  of  the  epigastrium, 
while  in  oesophageal  stricture,  pain  may  be  referred  to  a  point  near 
the  angle  of  the  scapula  and  to  another  in  the  neighborhood  of  the 
apex-beat.     Similarly  in  heart  disease,  pain  is  often  felt  in  the  left 
cheat-wall  and  shoulder  extending  down  the  left  arm.     These  points 
are,  of  course,  only  connected  with  the  diseased  organ  by  means  of 
nerve-fibres,  and  it  thus  appears  that  impulses  from  such  an  organ 
arouse  a  condition  of  heightened  sensibility  in  the  region  of  the  cord 
on  which  they  impinge ;  this  affects  all  the  synapses  in  the  neighbor- 
hood (Fig.  1),  90  that  impulses  from  very  different  structures  may 
be  altered  by  the  affection  of  one.     The  sensation  of  pain  aroused  by- 
this  exaggerated  sensibility  ia  of  course  referred  to  the  periphery,  not! 
to  the  focus  in  the  cord,  and  this  gives  the  impression  of  tendemessl 
in  the  skin  and  muscles.     It  therefore  seems  probable  enough  that  anV 
affection  of  these  superficial  areas  may  affect  the  corresponding  inter^  I 
nal  organ  more  than  the  rest  of  the  body,  and  thia  ia  exactly  what  is  I 
required  to  explain  the  benefits  derived  from  the  use  of  counter-  ' 
irritants.     It  is  especiallynoticeahle  that  several  of  the  points  affected 
by  internal  disease  are  precisely  those  points  at  which  experience  has 
shown  irritation  to  be  most  boiefieial  (Fig.  2).     Thua  the  applica- 
tion of  a  blister  over  the  epigastrium  has  long  been  recognized  as  a 
means  of  relieving  gastric  disorders.     Similarly  the  old  treatment  of 
iritis  by  means  of  a  blister  on  the  temple  may  be  justified  by  the  fact 
that  Head  found  areas  of  tenderness  on  the  temple  accompanying 
this  disease. 

The  exact  nature  of  the  effects  of  counter-irritation  on  the  internal  I 
Cleans  has  not  been  ascertained,  but  it  would  seem  most  probable  that  \ 
an  alteration  in  the  calibre  of  the  vessels  is  induced.     These  altera- 
tions may  be  accompanied  by  changes  in  the  activity  of  the  organs ; 
for  example,  there  seems  good  reason  to  believe  that  in  many  cases 
irritants  applied  to  the  abdomen  produce  evacuation  of  the  bowels. 
The  most  obvious  effect  of  counter-irritation  very  often  is  the  relief 
of  pain,  and  this  seems  explicable  in  the  light  of  the  observations  of  I 
Mackenzie  and  Head.     For  if  the  pain  in  visceral  disease  is  due  to  j 
the  disorder  of  the  synapses  in  the  spinal  cord  at  the  level  at  which  ' 
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I  the  fibres  from  the  viscus  and  the  superficial  tissues  meet,  it  is  pos- 
1  sible  that  new  impulses  reaching  this  area  from  the  skio  may  alter 
I  its  condition  or  may  occupy  a  common  path  to  the  brain  to  the  ezclu- 
aion  of  impulses  arising  from  the  seat  of  disease, 

Hesides  these  physiological  effects  of  (ioTlliter-irritation,  it  must  not 
be  forgotten  that  a  great  impression  is  produced  on  the  patient,  and 
that  some  of  the  benefit  may  be  due  to  hypnotic  suggealion. 

Therapeutic  Ueea. — Local  irritants  are  applied  occasionally  to  pro- 
duce an  alteration  in  the  nutrition  and  blood  supply  of  the  skin  itself 
and-CFf-tfa» subcutaneous  tigsues.  'llius  in  some  chronic  inflammatory 
condi'tiona,  with  effusions  into,  or  indurations  of  the  subcutaneoua  tis- 
sues, the  improvement' of  the  circulation  produced  by  slight  irritation 


which  carreapand  to  some  of  the  bUd  areas 

._ dlBenBGH.     1.  Area  of  tendemeM  In  dlKsae 

.  _.._  .____.  2,  Id  dleeBses  of  the  atomach.  S.  In  otbiIbd  dlBeaBe.  4.  Id  OlBeaae  of 
the  FRlloproii  tubea  BDd  other  appeDdana.  On  the  left  Bide  are  repreaented  the  polnta 
of  application  of  connter-lrrltaiitB  In  dlseaae  of  the  langB  (AJ,  of  the  atoniBcli  (B),  of 
the  OTSiT  (O),  and  the  uterine  appendagea  (D). 

I  may  be  of  benefit.     An  example  of  this  is  the  treatment  of  ulcers  of 

\  old  standing  with  irritants.     Another  case  in  which  a  slight  infiam- 

matory  attack  causes  very  obvious  improvement,  is  in  cora'eal  opacity. 

which  may  be  removed  entirely  in  some  cases  by  the  acute  infiam- 

matory  reaction  produced  by  such  irritants  as  abrin.     ProFably  a 
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Bimilar  effect  is  produced  on  subcutaneous  effusions,  as  in  bruiaes.  1 
Some  interesting  experiments  on  this  subject  have  recently  been  per- 
formed by  Wechsberg,  who  induced  suppuration  in  both  hind  legs  of 
rabbits  by  the  injection  of  irritants  and  then  treated  the  one  leg  by  the 
application  of  various  irritants  to  the  skin,  while  the  other  was  left 
untreated  aa  a  control.  He  invariably  found  the  abscess  of  the  leg 
subjected  to  treatment  lees  extensive  and  showing  a  greater  tendency 
to  heal  than  the  other,  and  accounts  for  this  by  the  cedema  induced  by 
the  akin  irritant  diluting  the  original  irritant  and  promoting  its 
absorption.  The  increased  blood  supply  leads  to  a  larger  number  of 
leucocytes  and'  more  alezines  around  the  inflammation  than  would 
otherwise  be  present.  He  found  that  the  absorption  of  pigments  from 
the  rabbit's  ear  was  much  accelerated  by  the  application  of  irritants  to 
the  skin  over  the  part,  and  cites  this  aa  evidence  that  toxinea  are 
removed  more  rapidly  under  similar  treatment.  For  these  purposes  f 
only  the  milder  irritanta  are  required ;  in  fact,  vesication  may  do  more 
harm  than  good.  Mild  irritation  alters  the  sensitiveness  of  the  sen- 
sory organs  of  the  skin,  and  heat  is  often  applied  to  alleviate  pain  and 
discomfort  in  the  skin  itself.  In  other  instances  pain  is  increased  by 
beat,  and,  in  fact,  it  is  sometimes  applied  in  the  treatment  of  local 
anseatheaia,  with  the  object  of  rendering  the  surface  more  sensitive. 
Id  many  forms  of  skin  diseaae,  mild  irritants  are  found  to  be  of  i 
benefit ;  thia  ia  aometimes  attributed  to  their  antiseptic  action,  but  the  I 
alight  irritation  ia  undoubtedly  of  some  importance. 

Counter-irritants  are  used  in  a  large  number  of  diseases,  often 
without  any  definite  idea  of  what  precise  effects  they  will  elicit,  but 
merely  because  they  have  been  found  to  give  relief  in  similar  condi- 
tions.    As  a  general  rule  they  are  placed  over  the  affected  organ,  and 
this  corresponds  fairly  in  most  cases  of  disease  of  the  trunk  with 
Head's  area  of  skin  toidemesa.     In  the  head,  however,  the  aegmental 
arrangement  has  been  rendered  very  irregular  by  the  compression  in 
development,  and  counter-irritants  are  often  found  to  be  moat  effective 
when  placed  at  some  distance  from  the  seat  of  pain,  e.  g.,  behind  the 
ear  in  some  forms  of  facial  neuralgia.     They  are  used  in  acute  infiam- . 
mation  of  the  lungs  and  pleura,  in  gastric  disorders  accompanied  by  I 
much  pain,  in  colic  and  in  nenralgTa  and  neuritis.     Their  action  is  I 
very  uncertain,  but  their  application  ia  often  followed  by  great  relief,  | 
more  especially  of  pain.     They  are  also  used  occasionally  in  shock  or 
collapse,  not  for  their  effect  on  any  individual  organ,  but  to  elicit  the 
reflex  alterations  in  the  circulation  which  have  already  been  described. 
A  T)li3ter  ia  often  recommended  in  internal  luemorrhage,  and  may  very~ 
possibly  leaaen  the  bleeding  by  altering  the  distribution  of  the  blood 
in  the  organs,  although  it  is  difficult  to  estimate  how  far  the  improve- 
ment is  due  to  the  remedy  and  how  far  it  is  spontaneous.     In  order  . 
to  produce  any  marked  effect  on  internal  organs,  the  more  powerful  I 
irritants  must  be  used,  such  as  mustard  or  cantharides.     It  is  j^ot  / 
lary,  however,  to  produce  actual  vesication  in  the  great  majority/ 
"^    Formerly  bliaters  were  opened  and  freah  irritants  applied* 
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on  the  raw  surface  in  order  to  prolong  the  efiecte,  but  thia  treatment 
was  extremely  painful,  besideB  being  liable  to  set  up  suppuration  and 
ulceration,  and  it  is  very  questionable  whether  any  equivalent  benefit 
followed. 

1  Counter-irritation  must  be  applied  only  with  the  greatest  caution  in 
weak,  badly  nourished,  or  very  old  persons,  as  it  may  cause  sloughing. 
In  diabetes,  the  tendency  to  gangrene  contraindicates  blistering,  and 
in  very  young  children  only  mild  irritants  are  used. 
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An  enormous  number  of  drugs  produce  irritation  of  the  skin,  and  it 
would  be  idle  to  attempt  to  enumerate  them  here.  In  many  instances, 
however,  the  irritant  action  is  insignificant  in  comparison  with  the 
other  effects  produced,  and  these  will,  therefore,  be  discussed  else- 
where ;  among  these  are  found  some  of  the  alkaloids,  the  acids  and 
alkalies,  and  muiy  other  inorganic  j]rflr°CP'"\""''  Irritation  of  the 
8kin*m8y  also  De'T?TTTdTtce5  bylieat  and^cold.  and  in  fact  burning  in 
various  forms  was  formerly  useJ  as  a  means  of  counter-irritation. 
Heat  is  still  employed  to  cause  irritation  of  the  skin  and  subcutaneous 
tissues,  and  to  promote  their  circulation.  Thus,  ppulticea  and  hot 
water  compresses  are  beneficial  in  many  local  infiammations,  though 
the  same  enedTs  may  generally  be  obtained  by  the  use  of  the  milder 
irritants.  The  effect  of  ^A.  on  the  skin  is  more  frequently  demon- 
strated by  bathing,  and  will  be  touched  on  in  relation  to  the  anti- 
pyrine  series. 

Apart  from  those  drugs  in  which  the  irritation  of  the  skin  is  merely 
an  incident  in  a  wider  general  action,  there  are  a  number  of  prepara- 
tions which  are  used  almost  exclusively  for  this  purpose.  They  may 
be  divided  into  three  classes :  the  volatile  irritants,  such  as  turpentine 
oil ;  the  mustard  series,  some  of  which  are  also  volatile ;  and  those 
which  are  either  non-volatile  or  only  boil  at  high  temperatures,  such 
as  cantharidin. 

1.    The  Tnrpentiae  Oil  Oroup. 

Under  the  volatile  irritants  may  be  included  a  large  number  of  the 

\  ethereal  oils  and  many  members  of  the  methane  and  of  the  aromatic 
series ;  but  among  the  ethereal  oils  those  which  possess  a  low  boiling 
point,  that  is,  those  which  contain  a  large  proportion  of  terpene,  with 
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compar&tively  little  oxygen,  are  found  to  possess  a  more  penetrating 
action  than  the  others.  At  the  same  time,  the  taste  and  odor  of  these 
oils  is  often  less  pleasant  than  that  of  the  others,  so  that  tbej  are  lees 
used  as  flavors  and  carminatives.  The  oils  derived  from  die  Conif- 
ene  have,  for  this  reason,  been  more  largely  used  than  the  others  for 
their  effect  on  the  skin,  although  several  other  volatile  preparations 
are  recognized  by  the  pbarmacopceia  for  this  purpose.  The  action  of 
these  oils  is  similar  in  other  respects  to  that  of  the  general  group 
(see  p.  58),  so  that  it  need  not  be  discussed  here. 

PBEFABATIOXa. 

v'  Terebintitina,  turpeatlne  (U.  8.  P.),  a  concrete  oleoreaiu  obtained  from 
Pinns  palostris  and  other  species  of  Pinus. 

c  Olxuu  TsBEBiKTHiNje  (U.  S.  P.,  B.  P.),  oil  of  turpentine,  a  volatile  oil 
distilled  from  turpentine. 

V  Oleum  Terebintkinee  Rectificatttm  (U,  S.  P.),  is  formed  from  ordinary  oil 

of  turpentine  b;  redistiUatioQ  with  lime  water,  in  order  to  remove  any  acids       \%t- 
and  resin  which  may  be  contained  in  it.     It  eonmste  of  a  mixture  of  terpenes 
(C,^,).    Dose,  1  p.i:^  n.'i  nn'na.1 ;  as  ao  anthelmintic,  8-15  c.c.  (2-4  fl,  dra.). 
''    Emvbum  Olei  Terebinthince  (U.  S.  P.),  4  c.c.  (1  fl.  dr.).  **^^ 

^  Linimentum  Terebinthinte  (U.  S.  P.,  B.  P.). 

"  Linimentum  Terebinthinte  Acetieum  (B.  P.),  is  formed  by  mixing'  turpen- 
tine, glacial  acetic  acid  and  camphor  liniment. 

01«ilffl  Plni  (B.  P.),  the  oil  distilled  from  the  fresh  leaves  of  Pinns  pumilis. 
r  Tarabmnm  (U.  S.  P.,  B.  P.),  a  liquid  formed  from  oil  of  turpentine  by  the 
action  of  aulphuiio  acid.  It  consists  of  a  number  of  terpenes,  one  of  which 
is  the  pure  substance  known  as  terebene.  Its  odoi*  is  more  pleasant  than 
that  of  turpentine  oil,  which  it  closely  resembles  in  most  other  points. 
^  Ttrplni  Hydras  (U.  S.  P.),  terpin  hydrate,  is  a  crystalline  substance 
(C„H„(OH),  +  H,0)  derived  from  oil  of  turpentine  by  the  action  of  nitric 
acid  in  the  presence  of  alcohol  and  water.  It  possesses  almost  do  odor,  is 
insolable  in  water,  and  melts  at  about  116°  C. 

V  Sabina  (TJ.  S.  P.),  the  tops  of  Juniperus  sabina,  savine,  contains  as  its 
active  principle  01.  Sabinn,  a  volatile  oil  which  resembles  that  of  turpentine 
in  many  respects,  but  is  not  identical  with  it. 

4  Olaiun  Jiuiiperl  (U.  8.  P.,  B.  P.),  oil  of  Juniper,  is  derived  from  the  juni- 
per berries  and  consists  mainly  of  terpenes.     Dose,  0.03-0.2  c.c,  (^4-3  mina.). 

Spiritue  Junipen  (U.  S.  P.,  B.  P.),  1-4  c.c.  (15-60  mins.).  *  ^^»  t 

SjMritw  Junipen  Compositua  (U.  8.  P.),  4-8  c.c.  (1-2  fi,  drs.). 
In  addition  to  these  preparations  the  following  may  be  mentioned  here  as 
poBsessing  similar  action  and  usee. 
'Lwitmewtam  Chloroformi  (U.  8.  P.,  B.  P.). 
^  Lmimentum  Camphora  (U.  8.  P.,  B.  P.). 
^ Linimentum  Camphora  Ammoniatvm  (B.  P.). 
^lAnimentum  Saponia^{U.  S.  P.,  B.  P.),  very  sl^tly  irritant. 
"Cerofttm  Camphora  (U.  8.  P.). 

Tberapantic  Vmt~ — Turpentine  oil  is  used  externally  as  a  rubefa- 
cient, and  differs  from  mustard  and  cantharidin  in  its  greater  pene- 
trating power.  It  is  not  so  irritant,  however;  it  blisters  only  after 
long  application,  and  the  vesication  produced  is  very  painful  and  heals 
dowly,  from  the  vapor  penetrating  into  the  deeper  tissues.  It  is,' 
therefore,  employed  to  produce  rubefaction  only,  and  ought  to  be 
removed  when  this  is  attained.     For  this  purpose  any  of  the  liniments 
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of  the  group  may  be  employed,  or  a  more  intense  action  may  be  got 
from  the  "  turpentine  stupe,"  which  is  made  by  dipping  flaimd  in 
hot  water^  wringing  it  dry,  and  then  dropping  warm  turpentine  oil  on 
it.'  Turpentine  preparations  are  used  especially  in  rheumatic  afiec-' 
tions  of  the  joints  or  nmacles.  and  in  aciatica.  The  oleoresin  may 
ie  formed  into  ointment,  or  plaster,  and  used  as  a  feeble  stimulant 
in  skin  diseases.  Turpentine  oil  is  a  fairly  strong  ftntistentin-  and  is 
less  irritant  than  many  of  the  more  powerful  ones.  It  is  often  in- 
haled in  lung  diseases  such  as  tuberculosis  or  gangrene,  and  has  the 
effect  of  lessening  the  odor  in  the  latter ;  the  oil  may  be  simply  allowed 
to  evaporate,  but  is  much  more  e£Gcient  when  sprayed  into  the  air. 
Many  of  the  resorts  for  phthisical  patients  are  stated  to  be  rendered 
especially  suitable  for  the  treatment  of  this  disease  by  the  neighbor- 
hood of  coniferous  forests,  which  are  supposed  to  dissipate  the  oils 
into  the  atmosphere ;  but  this  is  probably  only  an  insigniflcant  factor 
in  the  treatment.  Turpentine  oil  is  occasionally  added  to  baths  in 
order  to  cause  a  slight  general  stimulation  of  the  skin,  which  may  be 
of  benefit  in  some  skin  diseases  and  also  in  general  debility  under 
certain  conditions;  and  pine-needle  baths  have  some  reputation  in 
Germany  for  the  same  reason,  the  water  being  supposed  to  extract 
the  oiL 

Internally,  turpentine  oil  is  occasionally  employed  as  a  vermifuge, 
but  is  inferior  to  other  preparations  used  for  this  purpose.  A  few 
drops  are  often  added  to  purgative  enemata  to  increase  their  efficiency. 
It  has  been  given  by  the  mouth  in  order  to  lessen  flatulence  and  to 
{lisinfect  the  intestine  in  various  diseases,  among  others,  typhoid 

I  fever,  although  its  value  here  is  disputed.  Preparations  of  tnnMp- 
tine  oil  and  juniper  are  reliable  and  fairly  powerful  diuretics,  but 
must  not  be  prescribed  in  irritation  of  the  kidney.  ThBTurpentine 
preparations  have  a  certain  reputation  as  expectorants,  and  terebene 
has  been  especially  advised  for  this  purpose ;  Uiey  are  also  given  inter- 
nally as  pulmonary  disinfectants.  In  some  forms  of  neuralgia  their 
internal  administration  has  been  found  beneficial,  and  oil  of  turpen- 
tine has  been  used  in  internal  hemorrhage,  but  with  doubtful  results. 
Old  oil  of  turpentine  was  formerly  advocated  in  phosphorus  poison- 
ing, but  this  treatment  has  proved  to  be  valueless. 

Along  with  these  may  be  mentioned  s  series  of  resins  which  have  some 
slight  irritating  effect  on  the  skin,  and  have  been  used  in  the  treatment  of 
skin  diseases. 

B«8in»  (IT.  S.  P.,  B.  P.),  reein,  colophony.  Is  the  residue  left  after  dis- 
tilling off  the  volatile  oil  from  turpentine. 

Ceratum  Beaitue  (U.  S.  P.). 

Ceratum  Reainte  Compositum  {U.  8.  P.). 

Emplaatntm  Renna  (U.  S.  P.,  B.  P.),  adhesive  plaster. 

Unguentum  Besina  (B.  P.). 

OnaUcnm  (U.  8.  P.),  Ovaiaci  Sesfna  (B.  P.),  the  resin  obttuned  from 

'Aleobol  liM  recently  been  applied  in  a  iimUar  way  in  phlegmon  and  other  forms 
«f  inflanunation.  Oaiuo  is  Boaked  in  alcohol  (60-SS  per  cent.),  wrung  out,  wound 
round  the  aSeeted  part  and  covered  with  cotton  and  oU-eloth. 
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Gnaiacum  officinale,  eoDtains  severftl  resinoua  acids,  some  volatile  oils  and 
gums.    It  is  colored  deep  blue  by  oxidiEing  agents. 

Tinetura  Gvaiaci  (U.  S.  P.),  4  c.c.  (1  fl.  dr.). 

Tinctvra  Gvaiaci  Ammoniata  (IT.  S.  P.,  B.  P.),  2-4  c.c.  (y2-l  fl.  dr.). 

Mistura  Gvaiaci  (B.  P.),  Yz-l  fl.  oz. 

Trochisetis  Gvaiaci  Reainx  (B.  P.),  each  containing  3  grs. 

Elemi  reslm  (not  official)  is  obtained  from  a  number  of  trees  of  the  order 
Burseraeen,  and  contains  volatile  oil  and  resins. 

l^rrlia  (U.  S.  P.,  B.  P.),  a  gumresin  obtained  from  Commiphora  Myivfaa 
(V.  S.  P.),  from  BalsamodendroD  Myrrha  (B.  P.),  containing  a  small  qnanti^ 
of  volatile  oil. 

Tinctura  Myrrha  (V,  S.  P.,  B.  P.),  2-4  c.c.  (Vir-l  fl.  dr.). 

Man;  other  resins  have  been  used  in  therapeutics,  but  have  been  aban- 
doned, a  fate  by  which  these  survivors  seem  to  be  threatened.  They  are 
occasionally  need  externally  as  mild  irritant  applications  in  skin  affections. 
Oalbannm,  Ammoniaeum,  Ouaiacum  and  Myrrh  have  been  used  internally 
for  many  different  purposes,  as  expectorants,  diaphoretics,  diuretics,  aperi- 
ents, and  have  enjoyed  a  reputation  in  the  treatment  of  amenoniuea.  They 
may  be  used  to  suspend  insoluble  bodies,  as  the  gum  contained  causes  them 
to  form  emulsions  when  water  is  added. 

2.    Mustard. 

Mustard  occurs  in  two  forms  in  the  pharmacopoeias,  Black  Mustard,  - 
Sinapis  nigra,  and  White  Mustard,  Sinapis  dba.  Slack  Mustard 
contains  a  glncoeide,  Potaasium  Myronate  or  Smigrin,  and  a  ferment, 
Myrosin,  which  decomposes  it  in  ^e  presence  of  water  into  dextrose, 
potassium  hisulphate  and  alljl-isosulphocyanate  or  volatile  oil  of 
mustard. 

SlDlniD.        Volatile  oil. 
C^  JkNS,0„ = CSSC^R,  +  <\H^.  +  KHSO, 

Volatile  oil  of  mustard  is  formed  in  various  other  Crueifene  when  they  are 
mixed  with  water.  Thns  horseradish  root  (Armoracia,  B.  P.)  contains  it, 
while  the  allied  species  Cochlearia  ofQcinalis  apparently  contains  the  corre- 
sponding ifiobntyl  compound. 

Whit«  mustard  contains  another  glucoside,  Sinalhin,  which  is  also 
decomposed  by  the  Myromi  in  the  presence  of  water.  The  products 
are  entirely  different,  however,  dextrose,  sulphate  of  sinapine  (an 
alkaloid),  and  an  oil  of  mustard  containing  an  aromatic  nucleus  being 
formed. 

ainalbln.  Oil  of  Uuitacd.  SlDsplne  Bnlpbite. 

C»HJIAO„  =  CtH,{OH)CHJfCS  -f-  C„ftji(\H^,  +  q^HnO, 

Tha  oil  of  white  mustard  differs  from  that  of  the  black  in  being  || 
less  irritant,  and  in  being  4tttttfijtt]i,b£,^^t. 

AcUoB. — Either  of  these  oils  is  intensely  irritant  when  applied  to 
the  skin,  and  if  left  long  enough  produces  blistering,  which  is  more 
painful  than  that  caused  by  cantharides,  and  is  said  to  heal  less 
readily.  This  is  probably  due  to  the  oils  penetrating  more  deeply 
into/Uie  tissues,  and  thus  setting  up  more  extensive  inflammation. 
Mustard  is  accordingly  used  only  to  induce  nibefaction,  and  ought  to 
be  removed  before  actual  vesication  occurs.  When  the  crude  drug  ia 
moistened  and  applied  to  the  skin,  the  oil  is  formed  only  slowly,  so 
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that  the  longer  it  remains  applied,  the  more  intense  is  the  action. 
The  glueosidea  in  themselves  have  little  or  no  action,  and  the  products 
of  their  decomposition  are  harmless,  with  the  exception  of  the  oila. 

Pb£F  AKAT  IONS. 

Slnapia  Alba  (TJ.  S.  P.),  Sinapis  Alba  S«mlna  (B.  P.),  the  dried  ripe 
seeds  of  Bressica  alba. 

Sinapis  Kl«ra  (U.  S.  P.),  Sinapis  Nigra  Semlna  (B.  P.),  the  dried  ripe 
seeds  of  Brassica  nigra. 

Sinapia  (B.  P.),  a  mixture  of  the  powdered  seeds. 
I  Chabta  Sinapis  (U.  S.  P.,  B.  P.),  mustard  powder  rendered  adhedve  b; 
V  India-rubber,  applied  to  sheets  of  paper  and  dried.  The  U.  S.  P.  prapaia- 
'tion  is  formed  from  the  black  mastard,  the  B.  P.  from  a  mixture  of  the  two. 
Oleum  Sinapia  Voiatile  (U.  S.  P.,  B.  P.),  derived  from  black  mnstard. 
lAnimentum  Sinapis  (B.  P.),  formed  from  volatile  oil  of  mustard,  camphor 
and  castor  oil. 

TTsea. — Kustard  is  largely  used  aa  a  condiment  and  to  promote 
appetite,  but  is  never  prescribed  for  thia  purpose.     In  large  quantities 

I  it  causes  violent  irritation  of  the  stomach  and  bowel,  with  vomiting, 
purging,  acute  pain  and  tenderness  in  the  abdomen,  and  collapae. 
Mustard  and  warm  wat^ja  a  convenient  emetic  in  emergenoiea,  as  in 
cases  of  poiaoning.     I  W«4^«nmL«    t^  ^  'A*^ 

The  plaster  or  leaf  (cbarta)  is  me  form  m  which  it  is  generally  used 

(in  therapeutics.  It  contains  the  glucoside,  which  is  ^owly  decom- 
posed by  the  ferment  when  the  plaster  is  dipped  in  warm  water  for  a 
few  minutea  before  application.  Another  popular  application  ia  the 
mustard  poultice,  in  which  powdered  mustard  ia  sprinkled  on  an  ordi- 
nary poultice.  Mustard  is  also  added  to  hatha  occaaionally  when 
1  slight  irritation  and  consequent  congeation  is  desired  over  a  large 
surface.  For  this  purpose  2—4  teaspoonfula  of  the  dry  powder  are 
added  for  each  gallon  of  water.  In  preparations  of  mustard  it  ia 
important  to  avoid  a  temperature  of  over  60"  C.  (140°  F.),  as  the 
.  ferment  is  destroyed  above  tbia.  The  plaster  is  left  on  the  ^in  only 
1  for  15  to  30  minutes,  when  it  is  used  as  a  rubefacient. 

3.    Cantharidln  Series. 

Another  series  of  local  irritants  comprises  nnTi-vnlfltjln  substances, 
of  which  cantharidin  is  the  best  known.     It  is  the  anhydride  of  can- 
tharidic  acid,  which  does  not  exist  itself,  but  the  salts  of  which  are 
formed  from  cantharidin  by  the  action  of  bases.     Cantharidin  ia  rep- 
resented by  CioHijO^,  and  is  a  derivative  of  benzol.     It  ia  found  in 
Spanish  fly  (Cantharia  veaicatoria,  or  Lytta  vesicatoria)  and  in  sev- 
eral allied  species  of  Coleoptera  (beetles).     The  irritant  action  of 
cantharidin  and  of  many  other  drugs  was  formerly  supposed  to  be  due 
to  its  being  an  anhydride,  but  other  anhydrides  have  no  such  specific 
action,  and  the  cantharidates  are  quite  as  powerful  as  cantharidin. 
Action. — Applied  to  the  alcin,  cantharidin  produces  redness,  smart- 
]  ing  and  pain,  followed  very  soon  by  small  vesicles,  which  later  coalesce 
I  into  one  large  blister.     This  is  much  less  painful  than  the  vesication 
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produced  by  mustard,  because  less  of  the  irritant  penetrates  into  the  i 
deeper  tissues  than  in  the  case  of  the  volatile  mustard  oil.  If  the  I 
blister  be  broken,  however,  and  the  unprotected  dermis  be  allowed  to  | 
come  in  contact  with  the  irritant,  violent  inflammation  with  much  j 
pain,  suppuration  and  even  sloughing  may  follow. 

When  large  quantities  of  cantharidin  are  given  internally,  the  same 
irritant  action  takes  place  along  the  alimentary  tract.  If  taken  in 
solution,  blisters  arise  in  the  mouth  and  throat,  and  the  pain  and 
swelling  in  the  oesophagus  may  be  so  acute  as  to  prevent  swallowing. 
The  irritation  of  the  stomach  produces  vomiting,  followed  by  purging  i 
with  excruciating  pain  in  the  abdomen,  and  all  the  symptoms  of  shock  / 
and  collapse. 

Cantharidin  is  absorbed  from  the  alimentary  canal,  and  also  to  a 
less  extent  from  the  skin,  but  has  no  important  action  on  the  internal 
o^ans,  with  the  exception  of  those  by  which  it  is  diminated.  Vom- 
iting occurs  on  subcutaneous  injection,  but  the  presence  of  ulceration 
of  ^e  stomach  and  of  diarrhoea  when  it  is  absorbed  from  the  skin, 
indicates  that  some  of  the  poison  is  excreted  into  the  alimentary  tract, 
and  the  vomiting  in  these  cases  may  therefore  be  of  peripheral  rather 
than  of  central  origin.  In  the  process  of  excretion,  cantharidin  has 
the  same  effects  on  the  organs  involved  as  on  those  of  absorption. 
These  effects  are  seen  only  in  the  genito-urinary  tract  in  the  vast 
majority  of  cases  of  poisoning.  Comparatively  small  quantities  irri- 
tate the  bladder,  and  cause  a  constant  desire  to  micturate,  with  pain 
in  doing  so.  In  somewhat  larger  amount  it  sets  up  an  acute  nephritis 
with  albuminuria,  pain  in  the  kidney  region,  and  sometimes  blood  in 
the  urine.  The  inflammation  of  the  bladder  and  urethra  produces 
intense  pain  and  often  priapism ;  in  women  abortion  is  said  to  occur 
occasionally,  and  in  both  sexes  the  irritation  may  lead  to  increased 
sexual  desire. 

The  irritation  of  the  kidneys  by  small  doses  increases  their  secre-  > 
tion,  and  cantharidea  was  therefore  considered  a  diuretic  formerly.  I 
The  tendency  to  produce  nephritis  renders  it  a  dangerous  internal  1 
remedy,  however,  and  its  diuretic  power  is  quite  insigniflcant  in  com-  ' 
parison  with  that  of  caffeine. 

Animals  vary  very  considerably  in  the  degree  in  which  they  react  to  can- 
tharidin, the  most  noted  example  being  the  hedgehog,  which  is  capable  of 
anrviring  a  dose  of  the  poison  sufBcient  to  poison  an  adnlt  man.  Fowls  and 
rabbits  also  possess  a  hi^  d^ree  of  congenital  tolerance  for  this  poison, 
althon^  none  of  these  is  absolutely  insusceptible  to  it. 

Pbeparations. 
Cantharla  (U.  S.  P.,  B.  P.),  Spanish  Fly,  the  dried  beetle,  Cantharis  vesi- 
catoria. 

Cebatuk  Camthamdis  (U.  S.  P.). 

CoOodium  Cantharidatum  (U.  S.  P.). 

Tmetura  Canthandis  (U.  S.  P.,  B.  P.),  0.1-0.3  c.c.  (2-5  mins.). 

Ekflaettbum  Cakthabidis  (B.  p.). 

Ekplastsuu  CAiixrAcniTB  (B.  P.),  warming  plaster. 
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Aeetwn  Cantharidu  (B.  P.). 
Unguentum  Cantharidis  (B,  P.)- 
CoUodium  Vesicans  (B.  P.). 
Liquor  Epispastictu  (B.  P.). 

Thftnpentic  Uim. — Cantharides  is  at  preeent  used  almoet  exduaively 
as  a  akin  irritant,  and  more  particularly  as  a  vesicanL  In  the  United 
States  the  cerate  is  generally  need  for  this  purpose,  and  is  applied  to 
the  skin  by  means  of  adheaivfijil^ter ;  the  corresponding  preparation 
of  the  B,  P.  is  the  cantnaridee  piaster.  It  is  to  be  noted  that  in  order 
to  produce  actual  blistering,  the  plaster  has  to  remain  in  contact  with 
the  skin  some  8—10  hours,  but  an  equal  effect  may  be  achieved  by 
replacing  the  plaster  by  a  hot  poultice  after  4-6  hours,  when  the  akin 
'  irritation  has  reached  the  stage  of  redness.  Cantharidea  is  also  used 
to  cause  rubefaction  and  commencing  vesication  (flying  blister)  ;  this 
may  be  done  by  the  use  of  these  preparations,  or  by  means  of  the 
warming  plaster,  B.  P.  Blistering  collodion  is  used  rarely  in  unman- 
ageable cases  in  which  there  is  a  risk  of  the  plaster  being  renoved  by 
the  patient.  The  ointment  is  said  to  induce  blistering  sooner  than 
the  plaster. 

Cantbaridin  is  liable  to  be  absorbed  from'the  skin,  and  its  appli- 
cation is  therefore  avoided  where  there  is  any  tendency  to  raial 

Cantharides  has  been  used  not  infrequently  as  an  aphrodisiac,  and 
several  cases  of  poisoning  have  occurred  from  its  administration  for 
this  purpose.  In  cattle  it  is  largely  employed  to  this  end  in  some 
countries,  and  in  man  it  has  undoubtedly  similar  effects  in  some  cases 
through  the  irritation  of  the  bladder  and  urethra,  but  its  use  for  this 
purpose  is  always  liable  to  produce  nepliri|,i3.  As  an  emmenagogue, 
cantharides  has  a  certain  popular  reputation,  which  however  has  been 
shown  to  be  unmerited,  any  influence  which  it  may  possess  on  the 
menstrual  flow  being  quite  insignificant,  and  probably  due  only  to  the 
irritation  of  the  bladder  and  urethra. 

Gaothandes  has  been  advised  intfimally  in  some  forms  of  renal  and  vesical 
disease,  bnt  it  is  an  exceedingly  dangerotis  remedy  in  these  conditions.  In 
1891,  Iiiebreich  proposed  the  treatment  of  tuberculous  affections  with  can- 
tharidinates,  in  the  belief  that  these  nonld  cause  an  inflammatoiy  reaction 
around  the  diseased  nodules,  and  would  thus  lead  to  their  being  destroyed 
or  encapsnled  in  cicatricial  tissue.  It  has  not  been  detenuioed  wbeUier 
cantharidin  acts  more  powerfully  on  irritated  tisanes,  such  as  those  around 
the  tubercles,  bnt  experience  has  shown  that  no  benefit  followed  Liebreich's 
treatment,  while  in  several  cases  severe  nephritis  resulted  from  the  injection, 
and  the  method  has  therefore  fallen  into  disuse. 

Cantharides  is  sometimea  a  constituent  of  hair  washes,  its  irritant  action 
I    on  the  skin  being  credited  with  causing  a  more  rapid  growth  of  the  hair. 

I  In  cases  of  Poisoning  with  cantharides;  the  stomach  ought  to  be 
emptied  aa  rapidly  as  possible  by  the  stomach  tube,  provided  the 
cesophagua  allows  of  its  passage.  Demulcents  and  albuminous  sub- 
stances are  of  use  in  slowing  the  absorption,  but  all  oily  or  fatty 
bodies  must  be  avoided,  as  they  tend  to  dissolve  the  cantharidin  and 
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thus  promote  its  absorption.  Opinm  may  be  given  for  tbe  pain,  and 
if  collapse  sets  in,  the  ordinary  measures  mnst  be  taken  to'combat  it. 
Ellinger  states  that  the  action  on  the  kidney  in  rabbits  is  more  severe 
when  the  urine  is  acid  than  when  it  is  alkaline,  and  this  suggests  the 
treatment  of  the  renal  symptoms  with  alkalies. 

Poison  Xvy  and  Poison  Oak. — The  commonest  form  of  poisoning  in 
the  United  States  is  the  skin  eruption  produced  by  the  leaves  of  poison 
ivy  and  poison  oak  (Rhus  toxicodendron  and  venenata)  which  Pfaff 
showed  to  be  due  to  the  presence  of  a  neutral  body,  Tojdc  odendro  I ; 
this  has  recently  been  stated  to  be  of  glueosidal  nature.  The  effects 
of  poison  ivy  can  arise  only  from  touching  the  plant,  the  poison- 
ous principle  not  being  volatile.  Very  minute  quantities  of  toxi- 
codendrol  are  sufficient  to  produce  skin  eruptions,  however,  ^ooo  mg. 
causing  distinct  symptoms  in  susceptible  persons.  The  popular  belief 
that  skin  affections  can  be  induced  by  approaching  the  plant,  without 
actually  touching  it,  is  probably  accounted  for  by  the  facts  that  the 
eruption  may  be  very  late  in  making  its  appearance,  and  that  poison 
ivy  is  very  frequently  mistaken  for  harmless  climbing  plants.  The 
statement  that  the  poison  ivy  does  not  affect  some  individuals  is  also 
probably  erroneous,  though  persons  of  delicate  skin  are  undoubtedly 
more  susceptible. 

In  the  dermatitis  from  poison  ivy,  Pfaff  recommends  that  the  skin 
be  washed  and  scrubbed  with  soap  and  water,  or  with  alcohol,  or  a 
solution  of  lead  acetate  in  alcohol.  Ointments  and  oily  liniments  are 
to  be  avoided,  as  they  dissolve  the  toxicodendrol  and  tend  to  spread  it 
over  the  skin  and  thus  produce  further  inflammation.  For  the  same 
reason,  the  alcohol  used  to  wash  the  part  must  be  removed  entirely,  as 
the  poisonous  pnnciple  is  soluble  in  it,  while  insoluble  in  water.  Po- 
tassium permanganate  solution  isMucLitUie  an  efficacious  application. 

Several  little  known  substances  may  be  classed  along  with  cantharidin. 
which  tbej  resemble  in  their  violently  irritating  effects  on  the  skin  and 
mucous  membrances,  and  in  being  non-volatile.  They  are  of  little  impor- 
tance in  therapeutics,  but  not  infrequently  give  rise  to  accidental  poisoning. 
A  number  of  tiie  Rannnculacete  order  are  irritants,  and  this  baa  been  believed 
to  be  due  to  their  containing  Anemonin,  C„H,0„  which  ia  closely  con- 
nected to  eantharidin  in  its  chemical  stractare,'  bat  this  has  been  disputed 
recently  by  Brondgeest,  who  asserts  that  this  body  is  a  convulsive  poison. 
Noel  and  Lambert  also  state  that  anemonin  is  not  the  irritant  contained  in 
Anemone  pnlaatilla,  which  owes  its  irritant  effects  to  some  other  more 
poisonous  constituent.  In  Mezereum  (Mezereum,  T7.  S.  P.),  Bnchhelm  found 
an  anhydride  which  be  termed  Meeerein,  but  Springenfeldt  states  that  the 
action  is  due  to  an  oil  and  to  the  acid  which  it  contains,  which  resemble 
croton  oil  and  crotonoleic  acid  in  their  effects.  Cardol,  found  in  the  fmits 
of  Anacardium  occidentale  and  in  Semecarpns  anacardium,  is  a  very  powerful 
irritant,  and  has  been  used  to  a  limited  extent  as  a  vesicant.  Cardol  is 
probably  a  mixture  of  a  namber  of  substances,  but  it  is  unknown  to  which  of 
these  it  owes  its  activity.  Euphorbin  is  said  by  Bnchheim  to  be  the  irritant 
principle  in  the  Euphorbia  resin  (Euphorbia  restnifera,  etc.),  and  to  resemble 
eantharidin  in  its  anhydride  form,  but  the  salts  and  the  euphorbic  acid  which 
is  formed  from  them  by  acids  are  inactive,  while  the  salts  of  eantharidic  acid 
are  irritant,  and  eantharidin  is  r^ormed  when  they  are  broken  np  by  acids. 
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A  very  poisonona  member  of  the  Euphorbiacete  is  the  Uanidieel  tree,  growing 
in  the  West  Indies,  and  it  apparently  belongs  to  this  series. 

Capsicnm  (p.  76}  contains  one  or  more  nonvolatile  irritant  substances 
which  probably  resemble  the  principles  of  this  series  more  closely  than  any 
other.  Capsicum  is  used  in  small  quantities  internally  and  has  thravfore  been 
mentioned  along  with  the  pepper  series,  bnt  it  is  also  used  occasionally 
as  a  skin  irritant.     Pepper  is  also  used  as  a  rubefacient  in  domestic  medicine. 

Chaulmoogra  Oil,  obtained  from  Qynocardia  odorata,  is  apparently  similar 
in  character  to  the  members  of  this  group,  althongh  it  is  less  irritant.  It 
is  used  externally  as  an  application  to  braises,  and  both  exteraally  and 
internally  in  leprosy,  although  it  is  probably  of  little  avail  in  this  disease. 
It  is  said  to  owe  its  activity  to  Gynocardic  acid,  which  it  contains  in  combi- 
nation with  glycerin.  Croton  oil  is  also  used  as  a  skin  irritant,  but  will  be 
treated  of  in  connection  with  the  purgatives  (page  100). 

Many  other  plants  possess  irritant,  poisonous  properties,  which  would  ap- 
parently entitle  them  to  a  place  in  this  series,  but  so  little  is  known  of  their 
active  principles  and  of  their  effects,  that  they  may  be  omitted  for  the 
present. 
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Purgatives  are  drugs  which  are  employed  in  medicine  to  evacuate 
the  bowel  of  it9  contents.  Many  drugs  produce  evacuation  in  the 
course  of  their  action,  but  have  other  effects  of  importance  and  are  not 
included  in  this  class.  Thus  the  members  of  the  preceding  claaaes  of 
skin  irritants  induce  diarrbcea,  but  this  is  accompanied  by  irritation  of 
the  mouth,  throat  and  stomach,  and  in  many  other  forme  of  poisoning, 
diarrhcea  is  a  prominent  feature,  but  is  accompanied  by  vomiting  or 
some  other  symptom.  The  ideal  purgative  is  devoid  of  any  effects 
whatsoever,  save  in  the  intestine ;  it  passes  through  the  stomach  with- 
out materially  deranging  its  function,  and  is  not  absorbed,  or  at  any 
rate  is  absorbed  so  slowly  that  it  has  time  to  unfold  its  action  through- 
out the  intestine.  The  vegetable  purgatives  act  through  their  irritapt 
properties,  which  in  some  mBtancea  are  elicited  only  by  the  action  of 
the  secretion  of  the  intestines  and  of  the  neighboring  glands.  Thus 
some  of  the  purgatives  pass  through  the  stomach  in  the  form  of  bland, 
non-irritant  compounds  (castor  oil),  which  are  broken  up  by  the 
digestive  processes  in  the  intestine,  while  others  perhaps  owe  their 
activity  in  the  intestine  to  their  solution  or  suspension  in  the  juices. 

Many  clasaifications  of  the  purgatives  have  been  based  on  their 
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effects,  and  some  of  the  temia  are  still  retained,  such  as  aperient. 
eccopraiie.Jaxaiive.  pwQoiive,  eholagogue,  'hydragogue,  caihaTiic  or 
drastic.  But  the  effecT^  the  purgatives  la  determined  largely  by 
tGe'SoBe  and  by  the  condition  of  the  intestine,  so  that  a  small  dose  may 
act  as  an  aperient,  laxative  or  eccoprotic,  while  a  larger  quantity  of 
the  same  drug,  or  even  the  same  dose  in  a  more  susceptible  individual, 
may  act  as  a  drastic  or  hydragogne  cathartic.  It  is,  therefore,  pref- 
erable to  classify  them  according  to  their  chemical  nature  as  far  as 
that  is  known,  and  in  this  way  three  classes  may  be  formed,  (1)  pur- 1 
gative  oils,  (2)  purgatives  of  the  anthracene  series,  (3)  the  jalapin  | 
and  colocynthin  group. 

Symptoms. — In  moderate  doses  the  purgatives  wmply  hasten  the 
normal  movements  of  the  intestines,  and  tfae-stool  is  of  the  ordinary 
appearance  and  consistency  (laxative,  aperient,  or  eccoprotic  action). 
In  larger  qnantities  they  cause  a  more  profuse  evacuation  than  nor- 
mally, and  the  stools,  which  are  repeated  at  short  intervals,  are  of  a 
looser,  more  fluid  consistency.  Their  action  is  accompanied  by  con- 
siderable pain  and  colic,  and  the  hurried  movements  of  the  intestine 
are  shown  by  the  characteristic  gurgling  sounds.  Large  quantities 
of  the  more  powerful  purgatives  may  cause  all  the  symptoms  of  acute 
enteritis;  the  stools  at  first  contain  the  ordinary  f«»}al  substances 
accompanied  by  more  fluid  than  usual,  but  later  consist  largely  of 
blood-stained  mucous  fluid  with  little  or  no  resemblance  to  ordinary 
fsecea.  This  violent  purgation,  which  is  not  induced  in  therapeutics, 
is  accompanied  by  pain  and  tenderness  in  the  abdomen,  and  may 
induce  shock,  collapse  and  eventually  death. 

Action.. — The  origin  of  the  fluid  of  the  stools  after  purgatives  has 
been  much  debated.  According  to  many  authors,  they  accelerate  the 
passage  of  the  intestinal  contents  so  much  that  there  is  no  time  for 
the  absorption  of  the  fluid,  and  the  fEeces  escape  in  the  fluid  con- 
dition in  which  they  normally  exist  in  the  small  intestine.  Other 
investigators  hold  thatpui^atives  cause  fluid  to  pass  into  the  intestine, 
either  by  increasing  the  normal  secretions,  or  by  causing  an  inflam- 
matory exudate  from  the  vessels.  Both  parties  have  founded,  or 
attempted  to  confirm  their  statements  by  the  results  of  the  injection 
of  the  purgatives  into  loops  of  intestine  isolated  from  the  rest  of  the 
bowel.  In  these,  some  olservers  (Brunton,  Roy)  have  found  a  larger 
accumulation  of  fluid  after  the  injection  of  the  purgatives,  while 
others  (Thiry,  Radziejewski)  found  no  more  fluid  after  purgatives 
than  after  indifferent  fluids.  These  contradictory  results  are  prob- 
ably due  to  the  methods  adopted,  and  the  quantity  of  the  drug  injected. 
In  small  quantities,  such  as  are  used  in  lie  vast  majority  of  cases  in 
therapeutics,  the  irritation  produced  by  the  purgatives  is  probably 
only  enough  to  accelerate  peristalsis  somewhat,  and  the  fluid  of  the 
stools  is  drawn  partly  from  the  food  and  partly  from  the  ordinary 
secretions  of  the  digestive  oi^ans.  In  these  cases  the  intestine  is  not 
actually  inflamed,  dthough  some  congestion  may  occur  in  it,  as  in  all 
organs  in  a  state  of  abnormal  activity.  On  the  other  hand,  when  large 
7 
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quantities  are  ingested  a  true  inflammation  of  the  intestine  occurs, 
manifested  by  increased  movement,  congestion,  the  exudation  of  fluid 
into  the  lumen  of  the  bowel,  and  pain.  In  these  cases  tbe  intestine 
presents  the  usual  signs  of  inflammation ;  it  is  red  and  congested,  and 
contains  a  muco-purulent  fluid  and  often  blood.     The  matter,  Uiere- 

(fore,  resolves  its^f  into  a  question  of  dose ;  if  it  be  small,  the  fluid  is 
not  an  exudate,  if  it  be  large  the  fluid  is  partly  an  inflammatory 
.  product.  The  stools  following  the  administration  of  purgatives  differ 
I  from  the  normal  fteces  in  containing  a  larger  proportion  of  water  and 
\  also  of  soluble  substances.  In  fact,  they  resemble  rather  the  contents 
of  the  small  intestine  than  the  normal  excreta,  and  contain  bodies 
which  would  normally  have  been  absorbed  and  utilized  but  which  have 
been  hurried  through  the  bowel  too  rapidly  to  permit  of  their  being 
taken  up  by  the  epithelium. 

The  colic  produced  by  purgatives  is  not  due  to  the  inflammation  of 
the  intestinal  wall,  but  is  probably  explained  by  the  more  vigorous 
contractions  of  the  walls  of  the  bowel  and  the  difficulty  in  forcing  on 
hard  ftecal  masses  in  the  large  intestine.  The  tenderness  produced 
by  lai^  quantities  of  the  purgatives,  on  the  other  hand,  would  seem 
to  indicate  inflammation. 

There  is  every  reason  to  believe  that  purgation  may  be  induced  by 
reflexes  arising  from  the  stomach  or  skin,  or  from  localized  irritation 
of  one  part  of  the  bowel ;  and  these  reflexes,  in  some  instances  at 
least,  must  pass  by  way  of  the  central  nervous  system.  In  the  accel- 
1  erated  peristalsis  ordinarily  induced  by  the  purgatives,  however,  the 
\  central  nervous  system  is  probably  not  involved ;  the  irritation  of  the 
mucous  membrane  renders  it  more  sensitive  to  the  stimuli  which  it 
ordinarily  receives  from  the  contents,  and  the  nervous  impulses  result- 
ing from  these  are  transmitted  to  the  intestinal  nervous  plexus  and 
eive  rise  to  the  reflex  inhibition  and  contraction  of  the  muscular  coats 
'by  which  the  peristaltic  movement  is  carried  out.  Magnus  states  that 
some  purgatives  (castor  oil)  act  more  especially  on  the  small  bowel, 
while  others  (senna)  do  not  accelerate  the  movements  here,  but  only 
those  of  the  large  intestine. 

The  action  of  tbe  purgatives  is  generally  noTmiderftd^pnrelv  local, 
and  strictly  analogous  to  that  of  the  skin-irritants.  The  irritation  of 
the  epithelium  and  of  the  nerve-ends  leads  reflexly  to  increased  activity 
of  the  deeper  layers,  which  manifests  itself  in  the  bowel  by  contraction 
of  the  muscle,  in  the  skin  by  hypersemia.  But  some  of  the  purgatives 
seem  to  have  a  further  action,  which  is  of  a  more  specific  nature. 
Thus  senna,  aloin,  frangulin,  and  colocynthin  cause  evacuation  of  the 
bowel  when  injected  subcutaneously  or  into  the  blood,  podophyllum 
resin  causes  violent  purging  and  vomiting  when  thus  administered, 
and  croton  oil  has  long  been  rubbed  on  the  skin  in  order  to  relieve 
constipation,  and  is  found  to  cause,  intestinal  inflammation  and  purg- 
ing when  injected  intravenously.  It  has  accordingly  been  suggested 
that  these  have  a  specific  action  on  the  bowel  quite  apart  from  their 
\  irritant  effects ;  but  It  is  quite  possible  that  their  intestinal  effects  are 
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here  due  to  their  excretion  into  the  bowel,  which  has  been  shown  to 
occur  in  several  instances.  Other  irritants  applied  subcutaneously  or 
intravenously  often  produce  similar  effect^ on  the  alimentary  canal. 

The  interval  which  elapses  between  the  administration  of  a  purga- 
tive and  its  effects  varies  with  the  dose,  and  also  with  the  individual 
drug.  In  ordinary  therapeutic  doses,  evacuation  of  the  bowels  occurs  \ 
in  most  cases  in  5—10  hours,  but  if  large  quantities  of  the  more  pow-  T 
erful  purges,  such  as  jalap  or  croton  oil,  be  given,  the  effects  may  be  I 
elicited  in  two  hours.  Aloes  and  podophyllum  differ  from  the  others  1 
in  the  length  of  the  int^al,  catharsis  rarely  or  never  occurring  i 
earlier  than  10-12  hours  after  their  administration,  and  often  only  | 
after  20-24  hours. 

The  movement  of  the  intestine  induced  by  purgatives  is  accom-  i 
panied  by  an  incrftase  in  the  Ifincocytfta  of  the  blood  similar  to  that  I 
observed  in  other  forms  of  intestinal  activity,  e.  3.,  during  digestion.  I 

The  effects  of  the  purgatives  vary  greatly  in  different  animals.  ' 
Thus,  the  rabbit  is  very  refractory  to  most  of  the  series,  and  often  is 
hilled  by  intestinal  irritation  without  any  evacuation  being  produced. 
The  frog  is  unaffected  by  quantities  which  would  produce  poisoning 
in  man,  while  the  dog  and  cat  respond  much  more  readily. 

It  was  formerly  supposed  that  purgatives  increased  the  secretion  of 
bile,  and  certain  of  them,  which  were  believed  to  have  a  special  activity 
in  this  direction,  were  known  as  Cholagogxies.  It  has  been  shown  of  I 
recent  years  that  noneof  them  possesses  any  action  on  the  secretin  of  1 
bile,  although  they  may  increase  its  excretion  by  hurrying  it  tbroiigh  I 
^e  intestine  and  preventing  its  reibsorption.  On  the  other  band,  • 
the  presence  of  bile  in  the  intestine  is  a  condition  necessary  to  the 
activity  of  many  of  the  purgatives.  Thus  Bucbheim  and  Stadelmann 
found  that  in  the  absence  of  bile  the  following  purgatives  are  either 
quite  inactive  or  very  much  less  powerful  than  usual — podophyllum 
and  podophyllotoxin,  resin  of  jalap,  convolvnlin,  resin  of  scammony, 
rhubarb,  cathartic  acid,  and  the  sodium  salt  of  gambogic  acid.  This 
is  probably  due  to  some  solvent  action  of  the  bile,  for  Stadelmann 
found  that  when  soaps  were  given  with  some  of  these  drugs  their 
activity  returned,  and  in  other  cases  a  comparatively  slight  modifica- 
tion of  their  chemical  form  was  sufficient  to  restore  their  activity, 
even  in  the  absence  of  either  bile  or  soap.  Analogous  results  have 
been  observed  from  other  causes  than  the  absence  of  bile ;  thus  some 
of  the  pure  principles  of  the  purgatives  are  much  less  active  than  the 
crude  drugs  because  the  impurities  of  the  latter  alter  their  solubility. 
This  alteration  of  the  solubility  may  act  in  two  ways :  if  the  principle 
is  rendered  too  soluble,  it  may  be  absorbed  in  the  stomach  and  upper 
part  of  the  bowel,  and  therefore  fail  to  produce  purgation;  on  the 
other  hand,  it  may  be  rendered  so  insoluble  that  it  fails  to  come  into 
intimate  contact  with  the  bowel  wall,  and  therefore  does  not  irritate 
it.  The  effects  of  such  colloid  substances  as  the  bile  and  gums  is  to 
delay  the  absorption  of  soluble  substances  in  the  upper  part  of  the 
bowel  and  at  the  same  time  to  keep  the  insoluble  resins  in  suspension 
(Tappeiner). 
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Few  of  the  purgatives  have  any  appreciahle  action  after  absorption, 
hut  general  effects  may  be  produced  indirectly  from  their  intestinal 
action.  It  is  probable  that  reflexes  are  elicited  by  irritation  of  the 
bowel  analogoas  to  those  discussed  under  skin  irritants,  but  in  addi- 
tion, the  congestion  of  the  bowel  produced  by  its  activity  must  alter 
considerably  the  distribution  of  the  blood  in  the  body.     The  belief  in 

)the  efficacy  of  a  purge  in  congestion  of  the  brain  may  thus  be  based 
on  a  true  "  revulsive "  action ;  for  the  dilation  of  the  intestinal  ves- 
sels must  nec^sanly  lessen  the  blood  pressure  and  thereby  the  blood 
supply  to  the  brain.  The  congestion  of  the  intestine  is  accompanied 
by  a  similar  condition  in  the  other  pelvic  organs,  and  the  purgatives 
therefore  often  cause  congestion  of  the  uterus,  with  excessive  men- 
strual flow,  or  in  the  case  of  pregnant  women,  abortion.  Lastly,  a 
certain  amount  of  fluid  is  withdrawn  which  would  otherwise  be 
excreted  by  the  jirine,  which  is  found  to  be  proportionately  dimin- 
ished  in  amoont.  ' 
■  — —  ■              1.    The  Purgative  Oils. 

I        Two  very  important  members  of  the  purgative  series  are  Castor  oil 
(Oleum Ricini),  and  Croionoil  (Oleum  Tiglii  or  Crotoni3).'~''"C^^r 
oil  consists  almost  entirely  of  an  oil  which  resembles  olive  oil  in  moat 
respects,  but  on  saponification  forms  ricinoleic  acid  instead  of  oleic 
I      acid.     This  acid  (C,tH32(OH)COOH)  differs  from  the  fatty  acids 
\      obtained  from  ordinary  oils  in  being  unsaturated  and  in  containing  a 
y   hydroxyl  group.     Castor  oil  is  itself  a  bland,  non-irritating  fluid,  but 
It  on  passing  into  the  intestine  is  decomposed  by  the  digestive  juices,  and 
I   the  ricinoleates  thus  formed  are  irritant  and  cause  purgation.     When 
I  the  oil  is  saponified,  and  the  free  acid  given  by  the  mouth,  the  effects 
I  are  quite  different  from  those  of  the  oil,  for  the  taste  is  acrid  and 
I  unpleasant,   and  discomfort,  nausea  and  vomiting  may  follow  its 
J  ingestion  from  its  irritant  action  on  the  stomach.     The  oil,  on  the 
/   other  hand,  has  a  bland,  if  unpleasant,  taste,  and  produces  no  effects 
on  the  stomach.     Several  other  esters  of  ricinoleic  acid  have  been 
shown  by  Meyer  to  resemble  the  glycerin  ester  (castor  oil)  in  their 
purgative  effects. 

Ctfitcmial  is  decomposed  into  glycerin  and  nrntnnoleig  acid,  of 
which  littleis  known  except  that  it  is  similar  to  ricinoleic  acid  from 
a  chemical  point  of  view.  It  differs  from  it  in  the  fact  that  crotono- 
leic  acid  is  a  much  more  irritant  body,  and  in  that  some  acid  is  found 

(free  in  the  oil.  This  free  acid  renders  croton  oil  irritant  before  it 
reaches  the  intestine,  although  the  same  process  goes  on  here  as  in 
castor  oil,  and  the  croton  oil  therefore  becomes  more  irritant  than  else- 
where. On  the  skin,  and  in  the  throat  and  stomach,  croton  oil  exerts 
its  irritant  action,  hut  these  effects  may  be  avoided  while  it  continues 
to  act  as  a  purgative,  if  the  free  acid  be  removed.  Croton  oil  then 
becomes  bland  and  non-irritant,  and  can  be  distinguished  from  castor 
*  Several  othsr  plants  contain  purgative  oils,  e.  g.,  Jatropha  curcas,  which  bears 
the  Barbsdoea  niit«,  or  purging  nuts,  and  Oareia  nutans  and  aenral  speciea  of 
Ompbalea  (Cash). 
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oil  only  by  its  more  powerful  purgative  action.  Castor  oil  is  absorbed  I 
from  tbe  intestine  and  disappears  in  the  tissues  in  tbe  same  vay  as  ) 
an  ordinary  oil.  Nothing  is  known  with  certainty  of  the  fate  of 
croton  oil  in  the  body,  but  it  is  not  unlikely  that  it  is  excreted  in  part 
into  the  large  intestine.  Both  croton  oil  and  castor  oil  are  borne  in 
much  larger  quantities  by  animals  than  by  man,  and  not  infrequently 
the  former  causes  acute  ^teritis  without  purgation. 

Qflgtorojl  may  be  given  in  very  large  quantities  without  producing 
any  Bymptoms,  save  those  of  a  mild  .laxative.  Croton  oij.  on  the 
other  band,  acts  as  an  irritant  poison  in  any  save  the  smallest  doses, 
producing  vomiting  and  violaat  purgiDg  with  bloody  stools,  collapfle 
and  death.  Castor  oil  is  occasionally'usea  as  an  emollieni  to  the  skin, 
and  has  been  employed  as  a  solvent  for  application  to  the  eye,  while 
croton  oil  has  already  been  mentioned  as  a  pustulant.  The  harmless 
nature  of  castor  oil  is  shown  by  its  use  in  China  as  an  article  of  diet. 

In  the  beans  from  which  castor  oil  and  croton  oil  are  derived,  tozalbumins 
are  fonnd,  and  these  were  at  one  time  supposed  to  be  the  active  principles 
of  the  oils.  (See  Ricin.)  It  has  been  shown,  however,  that  the  oils  ore  en* 
tirelf  free  from  these  poisons,  and  that  their  action  is  due  solely  to  the  acids 
of  which  they  are  glycerides. 

Pbeparations. 

Olkuh  Ricini  (U.  S.  p.,  B.  P.),  a  fixed  oil  expressed  from  the  seed,  or     . 
bean  of  Ricinos  commnnis.     Dose,  t^O^O.  (1-8  fl.  drs.),  ^ 

Mistura  Olei  Bidni  (B.  P.),  made  up  with  cinnamon  and  orange  flower 
water  by  means  of  macilage,  1-2  fl.  oz. 

OLEnu  Tiaui  (U.  S.  P.),  Olkdm  Cbotonis  (B.  P.),  a  flxed  oil  expressed    .( 
from  the  seed  of  Croton  Tiglinm.     Dose,  0.02-0.0.')  c.c.  (J-1  m.). 

Castor  oil  is  difficult  to  take  owing  to  its  nnpleasant  taste.  It  may  be 
given  alone,  in  an  emulsion  flavored  with  sugar  §ii^  some  volatile  oil,  in 
wine,  spirits  or  glycerin,  or  in  flexible  capsules.  i>^viu«jatfl  \  ffiou-^^ 

Croton  oil  is  often  ^ven  in  a  pill  made  up  with  l)read^  crumb,  or  a  single    i 
drop  may  be  given  on  a  Inmik  of  sugar  or  in  solution  in  castor  oil. 

2.    The  Anthracene  Purgatives. 

A  number  of  purgatives,  Rkuharb.  Sennti^  Aloes,  Cascara  and. 
Frangula,  owe  their  activity  to  tie  presence  of  irritant  ontkraceTie  \ 
fCuH.n^  compounds,  only  a  few  of  which  have  been  iBOiated.  'lfi6  * 
obenucal  examination  of  these  drugs  is  a  matter  of  great  difficulty, 
as  they  each  contain  several  active  principles  which  are  very  nearly 
related  to  each  other,  and  some  of  which  are  undoubtedly  the  products 
of  the  decomposition  of  more  complex  bodies.  In  addition,  several 
of  the  pure  sabstaucea  have  been  found  to  be  less  certain  in  their 
purgative  action  than  the  crude  drugs,  probably  because  the  colloids 
in  the  latter  aid  in  their  solution. 

AU  those  which  have  been  completely  isolated  hitherto  have  proved  to  be 
derivatives  of  anlliiaqainone, 
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and  soma  of  the  oxyauthraqiiiiiones  seem  to  be  widely  distribated.  Thus  all 
the  members  of  the  group  contain  E^aodin  or  trioxymethylanthraquinone, 
(C„H,(CH,)(OH),0,),  and  rhubaib  and  senna  contain  GlwyeaphafM  acid  or 
dioxymethylanthraquinone,  CC,.H',(CH:,)(0H),0,),  while  a  nearly  related 
body  has  been  found  in  Frangola.  It  is  atill  undecided  whether  the  emodin 
found  in  different  drugs  is  identical  or  merely  isomeric,  and  the  same  may 
be  said  in  regard  to  ehi^sophanic  acid.  In  addition,  a  number  of  other  an- 
thracene bodies  occur  in  these  porgatiTee,  some  of  them  combined  with 
sugars  to  form  glncosides,  bnt  little  is  known  regarding  them,  and  it  seems 
likely  that  some  may  prove  to  be  impure  emodin.  Acid  glncosides  have 
been  found  in  rhubarb,  senna  (Cathartin  or  Catliartinie  acid)  and  in  cascara 
and  fraugula  (Cathartin  and  Frangulin).  In  the  different  species  of  aloes 
several  Aloins  (Barboloin  from  Barbadoes  aloes,  Soealoin  from  Socotrine 
aloes,  etc.)  have  been  isolated. 

Several  of  the  pure  principles  have  been  used  as  purgatives,  althoiigh 
tliej  seem  on  the  whole  to  be  less  certain  in  their  effects  than  the  crude 
drugs.  Chrysophanic  add  does  not  cause  puliation,  owing  to  ita 
rapid  absorption.  Frangulin  has  given  satisfactory  results,  and 
Cathartin  has  also  been  used  experimentallj,  but  is  verj  liable  to 
tindergo  decomposition.  Aloin  is  less  certain  in  its  effects  than  aloes, 
and  it  seems  to  be  indisputable  that  the  crjstalline  aloin  itself  is  inac- 
tive in  the  bowel,  but  ie  there  changed  under  certain  conditions  to  an 
amorphous  compound  which  has  irritant  effects.  This  active  sub- 
stance can  be  prepared  from  aloin  by  boiling  in  water,  and  may  be 
present  in  the  amorphous  resin  left  after  the  extraction  of  aloin. 
'  The  purgative  action  of  aloes  is  increased  by  the  addition  of  small 
quantities  of  alkaline  salts  and  of  iron.  The  presence  of  bile  in  the 
intestine  is  not  necessary  to  elicit  the  action  of  this  group,  except 
perhaps  in  the  case  of  rhubarb ;  enemata  of  aloes  are  inactive  unless 
bile  is  injected  with  them,  but  Kohlstock  found  that  the  same  results 
could  be  attained  by  dissolving  aloin  in  glycerin.  The  latter  produces 
evacuation  when  injected  alone  as  an  enema,  it  is  true,  but  he  used 
smaller  quantiti^  of  it  than  are  necessary  for  pui^tion,  so  that  the 
role  played  by  the  bile  is  probably  the  same  as  that  of  glycerin — a 
purely  solvent  one. 

The  absorption  of  these  bodies  has  not  been  satisfactorily  deter- 
mined in  most  cases.  The  urine  is  rendered  yellow  after  rhubarb  and 
senna,  owing  to  the  absorption  and  excretion  of  chrysophanic  acid, 
but  it  is  questionable  whether  the  more  active  principles  pass  into  the 
urine  in  appreciable  amounts.  When  aloin  is  injected  subcutaneously 
or  intravenously,  it  is  excreted  for  the  main  part  into  the  bowel,  and 
there  produces  irritation  and  catharsis.  Cathartin  and  frangulin 
also  act  aa  pui^tives  when  they  are  injected  subcutaneously,  probably 
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y  are  excreted  into  the  bowel,  althoTigh  this  has  not  &a  yet 
been  investigated.  The  yellow  pigment  of  the  urine  after  rhubarb  I 
and  senna  becomes  a  purple  red  on  the  addition  of  alkalies ;  the  milk  I 
and  skin  also  are  said  to  assume  a  yellowish  tinge  from  the  presence 
of  ehrysophanic  acid. 

In  the  rabbit  aloin  seldom  causes  purgation,  and  is  excreted  by  the 
kidney  in  considerable  quantity,  especially  when  injected  hypoder- 
mically.  In  passing  through  this  organ  it  causes  marked  irritation 
and  epithelial  necrosis,  which  often  proves  fatal  in  a  few  days.  No 
irritation  of  the  kidney  occurs  in  man,  the  dog,  or  the  cat  after  aloin. 
Injected  intravenously  in  animals,  aloin  induces  powerful  contrac- 
tions of  the  uterus,  apparently  from  direct  action  on  the  oi^an.  The 
same  effect  probably  occurs  when  it  is  absorbed  from  the  alim^itary 
tract,  and  its  use  is  not_adv^alils_during  pregnan(^or_mgflatjuation. 

Rhubarb  contains  a  consideralale  amount  of  lanniclicid,  which  acts 
as  an  astHngent  and  therefore  tends  to  cause  con6tit?ation  after  the 
evacuation  of  the  bowels.  It  is  ^^ftt  V^^  tnlBrat^"iii  some  cflafis,  its 
administration  being  followed  by  nausea,  headache  and  giddiness, 
more  rarely  by  akin  eruptions  of  different  kinds. 


Fbspasatiors. 

^  V.  8.  P. — Bhemn,  rhubarb,  the  root  of  Rheum  officinale. 
U%V'  "^  ExTOACTOK  Khh,  0.25  0.  (4  grs.). 
'  Fluidextraclum  Bhei,  1  c.c.  (15  mine.)- 

PuiiTLA  Rhei  Coupobita  (aloes,  myrrh  and  oil  of  peppermint),  1-5  pilla. 
Pdlvis  Rhei   Compositus    (Gregory's  Powder)    contains  magnesia  and 
pnger.    Dose,  1-4  G.  (20-60  gra.)- 
•+        Tinelura  Rhei,  4  e.c.  (1  fl.  dr.). 

TinKtura  Rhei  Aromatica  (contains  several  volatile  oils),  2  c.c.  (30  mui&). 
Mistvra  Rhei  et  Soda  (contains  bicarbonate  of  soda,  ipecac,  peppermint 
and  glycerin),  10-100  c.c.  (2  fl.  drs.-S  oz.). 

.  I?=  S,  A.™™™  }  "««  '«  ^'  "«  «•»■  <^2  «•  ^"l- 

B,  P.— BJiei  Sadix,  rhubarb  root,  the  erect  rhizome  or  so-called  root  of 
Rheum  palmatmu;  3-10  gra.  for  repeated  administration;  for  a  single  ad- 
ministration, 15-30  grs. 

PiLULA  Ehei  Couposita  (contains  rbabaib,  Socotrine  aloes,  myrrh,  and 
oil  of  peppermint),  4-8  grs. 

PoLvis  Rhei  Compositos  (Gregory's  Powder)  contains  rhubarb,  light 
magnesia  and  ginger,  20-60  grs. 

TiNCTDBA  Rhei  Compobita,  fonned  from  rhubarb,  cardamom  and  cori- 
ander, »^1  fl.  dr.  for  repeated  administration;  2-4  fl.  dra.  for  a  angle  ad- 
ministration. 

/  Strupus  Bhei,  y2-2  fl.  drs. 

*    U.  S.  P. — Senna,  the  leaflets  of  Cassia  acutifolia  (Alexandria  Senna),  and 
of  Cassia  angustifolia  (ladia  Senna). 

COHTECno  Senn,b  contains  senna,  cassia  fistula,  tamorind,  prone,  flg, 
sugar,  and  oil  of  coriander,  4-8  G.  (1-2  drs.). 

Flvidextraclum  Senna,  2  c.c.  (30  mins.). 
J    ISPpenM  Sennji  Composptum  (Black  Drai^ht)  conttuns  senna,  manna, 
IL-aC^-  magnesium  sulphate  and  fennel,  120  c.c.  (4  fl.  oz.)- 
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Lie'-  ^Sybdpd8  Senn^,  4  c.c.  (1  fl.  dr.). 

Setma  is  also  contained  in  the  compound  symp  of  sarBapariUa  and  in  tbe 
eompound  liquorice  powder. 

Senna  is  often  administered  as  a  simple  infusion,  senna  tea,  a  teaspoonfnl 
of  the  leaves  being  used  in  a  cupful  of  water. 

B.  P. — Seima  Alaxandrina,  the  dried  leaflets  of  Cassia  acutifolia. 

Senna  Indiea,  Tinnivelly  senna,  the  dried  leaflets  of  Cassia  angnstifolia. 

TiNCTURA  Seiiha  Couposita,  formed  from  senna,  raisins,  caraway,  and 
coriander,  '^-1  fl.  dr.  for  repeated  administration;  ^-4  fl.  dra.  for  a  single 
administration. 

SyRnpua  Sekn^,  ^4-2  fl.  dra, 

Intusuu  Seitha,  1/2-1  fl.  oz.;  as  a  draught,  2  fl.  oz. 

MiSTOKA  Senn^  Composita  (Black  Draught),  formed  from  mapiesium 
sulphate,  liquorice,  compound  tincture  of  cardamom,  aromatic  spirit  of 
ammonia,  and  infusion  of  senna,  ^^2  fl.  oz. 

CotTTECno  Senn^,  formed  of  senna,  coriander,  flgs,  tamarinds,  cassia, 
prunes,  liquorice,  and  sugar,  60-120  grs. 
^      U.  Si  P. — Aloe,  the  inspissated  juice  of  the  leaves  of  several  species  of  aloe. 

Aloe  Purificata,  aloes  from  which  insoluble  impurities  have  been  removed, 
0.25  G.  (4  grs.). 

Aloinwn,  a  neutral  principle  obtained  from  aloes,  O.OS  G.  (1  gr.). 
t^U..     ''ExTRAcroM  Aloes,  0.1  G.  (2  grs.). 

Pjluub  Aloes,  1-5  pills. 
*         Pilule  Ai^iBBjaL^mii,  1-5  pills. 

Pilul/e  Aloes  et  Maatichea,  1-5  pills. 

Pilula  Aloes  et  Myrrhce,  1-6  pills. 

Pilulee  Laxativte  Composite  (aloin,  etryehnine,  belladonna  and  ipeca- 
cuanha), 2  pills. 

TiNCTUKA  AL0B8,  2  C.C.  (30  mins.). 

Tinctura  Aloes  et  Myrrhte,  2  c.e.  (30  mins.). 

Aloes  is  also  contained  in  compound  rhubarb  pill,  compound  extract  of 
colocyntb,  an3  com  pound  tincture  of  benzoin. 

B.  P. — Aloe  Barbadensis,  the  juice  of  Aloe  vera  and  other  species,  Bar- 
badoes  Aloes  or  Cura^oa  Aloes,  2-5  grs. 

Aloe  Socotrina,  the  juice  of  Aloe  Perryi,  Socotrine  or  Zanzibar  Aloes. 

Aloinum,  ^^2  grs. 

ExTRAcrnM  Aloes,  1-4  grs. 

Pn-DLA  Alobs,  4-8  grs. 

Pn,oLA  Aloes  et  Ferk,  4-8  grs. 

PiLULA  Aloes  et  Asatetid^,  4-S  grs. 

Pitida  Aloes  et  Myrrhte,  4r-8  grs. 

TlNcniBA  AiOES,  Yz-l  fl.  dr.  for  repeated  doses;  for  a  single  dose,  V/z- 
2  fl.  drs. 

Decoctum  Aloes  Gompositum  (aloes,  myrrh,  safllron,  potassium  carbonate, 
liquorice,  compound  tincture  of  cardamom),  i/2-2  fl.  oz. 

Aloes  is  also  contained  in  the  compound  extract  of  colocynth,  compound 
colocyntb  pill,  pill  of  colocynth  and  hyoscyamus,  compound  gamboge  pill, 
compound  tincture  of  benzoin  and  compound  rhubarb  pill.  Some  of  the 
preparations  are  directed  to  be  made  from  Socotrine,  others  from  Barfoadoes 
aloes,  but  there  is  really  no  difference  in  the  effects, 

U.  S.  P.— rrangnla,  Buckthorn,  the  bark  of  Bhamnus  frangula,  collected 
at  least  one  year  before  being  used. 

FluidextTOctum  Frangula,  1-2  c.c.  (15-30  mins.). 
VTT.  S.  P.— Bbamnns  Furshiana,  Cascara  sagrada,  the  bark  of  Rhamnus 
Purshiana. 
uA       Extraotum  Rhamnt  PurshianiE,  0.25  G.  (4  grs.). 
.    (i^      Ftudextractum  Rhamni  Purshianre  Aromaticum,  1  c.c.  (15  mins.). 
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Fldtdbxtbactdk  BHAimi  PintflHiANai,  1 

B.  P. — Oucira  Sa^rada,  the  dhed  bark  o 

Extractunt  CascariB  Sagradte,  2-8  grs. 

EXTJUCTOM  Caboa&<«i  SAQRAUa  Li<juiDim,  Vz-l  fl.  dr. 

SpTupus  CascartB  Sagrada  Aromaticus,  ^4^2  fl.  drs. 

Two  artiflcial  compoimda  of  oxyanthnkqninone  have  recently  been  intro- 
dneed  under  the  name  of  purgatin  and  exodin.  Tbey  are  quite  insoluble  in 
water  and  tasteless  but  are  decomposed  in  the  intestine  and  act  there  like  the 
other  purgatiTes.  Poi^tin  colors  the  urine  red  and  has  some  tendency  to 
irriUte  the  kidneys.  Dose,  0.5-1.0  G.  (8-15  eraOi  ™  friable  tablets  or 
snspended  in  water.  These  bodies  have  no  advantages  over  the  natnral 
pargatives  and  the  possibility  of  their  inducing  nephritis  renders  their  use 
inadvisable. 

Of  these  numerous  preparations,  the  most  extensively  prescribed  are 
the  ^lls.  The  fluid  preparations  have  an  nnpleasant,  bitter  taste,  and 
are  tnSrefore  less  used,  unless  when  disguised  bj  the  addition  of  sugar 
or  volatile  oils.  The  syrups  of  rhubarb  and  senna  are  often  admin- 
istered to  children,  and  the  confection  of  senna  and  the  compound 
liquorice  powder  are  also  pleasant,  easily  taken  preparations.  The 
compound  infusion  or  mixture  of  senna  and  the  compound  rhubarb 
powder  are  old  and  tried  preparations,  in  which  the  virtues  of  the 
vegetable  purgative  are  combined  with  those  of  a  saline  cathartic  and 
antacid  respectively ;  they  are  both  possessed  of  a  harsh,  unpleasant 
taste.  Frangula  is  comparatively  rarely  used,  but  the  fluid  extract  of 
cascarasagrada,  which  is  practically  identical  with  it,  is  a  very  popular 
remedy  in  habitual  constipation. 

Pmre  OhrysoplutniG  Add  ia  not  adapted  for  use  as  a  purgative,  as  even  in 
doses  of  0.3  G.  it  fails  to  increase  the  peristalsis.  A  compound  of  chryso- 
phanic  acid,  Chrysarobin  (CaH^O,),  has  found  employment  as  an  application 
in  some  forms  of  skin  disease,  especially  in  psoriasis,  in  which  it  is  often  of 
marked  benefit.  It  is  found  in  an  impure  form  (Ooa  powder)  in  cavities  in 
the  Andira  araroba,  a  tree  growing  in  India  and  Brazil,  and  is  isolated  witli 
comparative  ease;  it  forms  chrysophanic  acid  when  it  is  oxidized.  Cbrysa- 
robin  is  much  more  irritant  than  chrysophanic  acid,  and  applied  to  the  skin 
in  a  eoncentrated  form,  or  in  susceptible  persons,  causes  itching,  redness  and 
swelling,  less  freqaently  papular  or  pnstutar  eruptions;  the  skin  and  cloth- 
ing are  stained  a  reddish-brown  color  where  it  is  applied.  When  swallowed, 
ehiysarobin  acts  as  a  gastro-intestinal  irritant,  causing  vomiting  and  purg- 
ing; some  of  it  is  absorbed,  and  in  its  excretion  by  the  kidneys  causes  in  the 
rabbit  nephritis  with  albomin  and  even  blood  in  the  urine.  In  man,  slight 
albominoria  has  been  observed  in  some  instances  after  its  application  to  the 
skin;  in  animals  the  epithelium  of  the  renal  tubules  has  been  found  to  be 
necrosed,  the  glomeruli  being  less  frequently  affected.  It  was  anticipated 
that  it  would  undergo  oxidation  to  chrysophanic  acid  in  the  body,  and  this 
is  true  for  a  part  of  that  absorbed,  but  most  of  it  passes  through  the  tissues 
tmchanged.  Pyrogallol  apparently  acta  in  the  same  way  as  chrjrsarobin  in 
psoriasis,  and  the  effect  has  in  each  case  been  attributed  to  the  withdrawal 
of  the  oxygen  from  the  diseased  skin. 

Araroba  (B.  P.),  or  Goa  powder,  a  substance  found  in  cavities  in  the 
tmnk  of  Andira  araroba,  free  from  fragments  of  wood,  dried  and  powdered. 

Chrysarohinum  (B.  P.),  a  substance  obtained  from  Araroba  by  extracting 
with  hot  chloroform,  and  evaporating.  It  consists  for  the  most  part  of 
ehiysarobin,  but  contains  some  chrysophanic  acid. 

Vnguentum  Chrj/sarobini  (B.  P.),  4  per  cent. 
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I  ChiTMLrobiii  is  used  in  skiii  diseases,  especi&U;  in  psoriads,  in  which  it  is 
applied  in  ointment.  Chrysophanie  acid  might  be  used  also  for  this  purpose 
were  its  isolation  not  attended  with  such  ezpenae.  Some  eonfnsion  has 
arisen  from  chiyearobin  having  been  at  first  supposed  to  be  chryBophanJc 
acid. 

3.    The  Jalapin  utd  Oolooynthin  Group. 

The  third  group  of  the  vE^table  purgatives  comprieea  a  number  of 
rssinoua  glucosides  and  aci^,  whose  more  intimate  chemical  structure 
ia  unknown,  thougE'  fl  liumber  of  them  appear  to  be  nearly  related 
chemically,  so  that  it  is  possible  that  they  all  contain  a  common  radicle 
like  the  members  of  the  anthracene  group. 

Jalap  resin  contains  two  anhydride  glncosides,  Convolvrdin  and  Jaiapin, 
the  latter  only  in  very  small  quantity.  Scammony  consists  very  largely  of 
Jaiapin.  Squirting  cucumber  contains  a  resin  (elaterium),  the  active  piin- 
ciple  of  which  is  Elaterin,  another  anhydride  of  which  little  is  known. 
Podophyllum  contains  two  isomeric  glncosides,  PodophyUotoxiti  and  Picro- 
podophyUin  (C^H^O,).  Qamboge  owes  its  activity  to  Cambogic  acid,  wMch, 
however,  is  insoluble,  and  seldom  acts  unless  it  is  accompanied  by  the  inac- 
tive bodies  of  the  crude  dnig.  Colacynthin  is  a  glucoside  occurring  in  the 
colocynth  fruit,  and  forms  Colocynthein  and  engar  when  treated  with  acids. 
Coloeynthein  is  said  to  be  even  more  irritant  than  colocynthin.  Euonymns 
owes  its  activity  to  a  resinous  glucoside,  Euonymin.  Many  other  plants  con' 
tain  similar  resinous  purgative  substances,  and  some  of  these  are  used  as 
remedies  to  some  extent,  but  so  little  is  known  of  their  properties  and  they 
are  so  seldom  employed  that  they  may  be  omitted  here. 

Action- — These  aubatanees  are  in  general  much  more  powerful  than 
any  of  the  other  purgatives  except  croton  oil,  and  are  therefore  classed 
along  with  the  latter  as  the  drhalic^pmgativeB  or  hydragofme  cathai> 
ricB.  In  small  quantities  they  'cause  evacuation  more  rapidly  thim 
me  anthracene  pnrgatives,  and  in  somewhat  larger  doses  produce  pro- 
fuse watery  stools  with  much  pain  and  often  tenesmus.  In  cases  of 
poiaoning,  the  bowel  undergoee  acute  inflammation,  and  blood  ia  passed 
in  the  stools,  which  often  contain  shreds  of  epithelium  from  the  walls. 
The  irritant  action  is  not  confined  to  the  bowel  apparently,  for  their 
administration  is  sometimes  followed  by  uneasiness  iu  the  stomach, 
and  occasionally  by  nausea  and  vomiting.  On  the  other  hand,  mod- 
erate quantities  are  said  not  to  induce  colic  so  frequently  as  some  of 
the  anthracene  purges. 

Several  of  these  resinous  purges  are  irritant  to  tlie  skin  and  especially  to 
the  mucous  membranes  of  the  eye,  nose  and  throat.  Thus  jalap,  podophyl- 
lum and  colocynthin  all  cause  pain  and  irritation  when  they  are  applied  to 
the  nostrils  in  fine  powder,  and  podophyllum  has  been  used  as  a  skin  irritant. 

The  presence  of  bile  in  the  intestine  increases  the  purgative  action  of 
almost  all  these  bodies,  and  in  fact,  seems  absolutely  necessary  for  the,  action 
of  most  of  them.  Some  of  them  induce  purgation  when  injected  hypo- 
dermically,  and  this  efFect  is  not  prevented  by  the  absence  of  bile  in  the 
intestine. 

Podophyllotozin  and  colocynthin  cause  purgation  when  injected  subcu- 
taneonsly;  this  is  probably  owing  to  their  excretion  into  the  bowel,  as  the 
former  has  been  detected  in  the  feces  after  this  method  of  administration. 
Podophyllotozin  causes  glomerular  nephritis  and  hemorrhsges  into  variona 
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OTgana  wfaen  administered  hypodeimically  or  intntvenoosly  in  laise  qaanti- 
tiea,  and  when  added  to  blood  in  a  t«at-tube,  it  caoses  the  formation  of  met- 
htemoglobin  in  the  corpuscles.  It  has  been  said  to  have  a  depressant  action 
on  the  central  nervous  system,  bat  this  is  probably  a  result  of  the  shock  and 
hemorrhage  produced  fay  its  intestinal  action.  Colocynthin  is  said  to  cause 
renal  inflammation  when  applied  subcutaneoosly  or  taken  internally,  and 
even  when  the  powder  is  inhaled  during  its  manufacture.  Jalapin  and  con- 
volvnlin  given  by  the  mouth  cannot  be  found  in  the  feces  or  urine,  and  arel 
therefore  supposed  to  undergo  partial  or  complete  oxidation  in  the  bodyJ 
Convolvulin  ia  found  in  the  urine,  however,  when  it  is  injected  intravenJ 
ously,  and  no  porgation  follows  this  method  of  administration;  so  that  it  is 
probable  that  convolvulin  is  decomposed  in  the  bowel  when  it  is  adminis- 
tered internally.    . 

Euonymin  baa  the  same  effect  on  the  heart  as  di^talia,  and  will  be  men- 
tioned ^ong  with  it,  although  it  baa  a  mild  purgative  action  and  is  nsed 
ebiefiy  as  an  aperient. 

PSBPARATIONS. 

Odocynthls  (TJ.  S.  P.),  colocjmtb,  the  fruit  of  CitruUns  Colocyntbis  de- 
prived of  its  rind. 

OolocTntlildls  Fnlpa  (B.  P.),  the  dried  pulp  of  the  fruit  of  Citrullue  Colo- 
cyntbis freed  from  seeds. 

ExtractKm  Colocynthidts  (U.  S.  P.),  0.03  Q.  (1  gr.). 

EsTKACTDH  Cou)CTiiTHiDi8  CouFOBiTnif  (TJ.  S.  P.,  B.  p.)    (containing 
colocynth,  aloes,  scammony  and  cardamom),  0.2-1  Q.   (3-15  gis.). 
-'  PnjQiJC  Cathabtic^  Cnvf^rrx  (U.  S.  P.)  (componnd  extract  of  colo- 
cynth,  jalap,  gam  Doge  and  calomel),  1  pill  as  laxative;  3  as  drastic  purgative. 

PlLci.^  Catkaktica  Vbgetabiles  (U.  S.  P.)  (contain  compound  extract 
of  colocynth,  jalap,  leptandra,  podophyllum,  hyoscyamus  and  oil  of  pepper- 
mint), 1  pill  as  laxative;  3  as  drastic  purgative. 

P11.UI.A  CoLOCYtTTHiDis  CouPOSiTA  (B.  P.)  (colocyuth,  Barbadoes  aloes, 
scammony  resin,  potassinm  sulphate  and  oil  of  cloves),  4-8  grs. 

PiLci^  CoLOCYKTHiDis  ET  Hyobcyaxi  (B.  P.)  (compound  pill  of  colo- 
cynth and  extract  of  hyoscyamus),  4-8  g*s. 

Fodophyllnm  (U.  S.  P.),  FodophylU  Bhizoma  (B.  P.),  the  rhizome  and 
roots  of  Podophyllum  peltatum. 

Fliddextractum  PedophyUi  (U.  8.  P.),  0.3-1  c.c.  (5-16  mina.). 

Rbbiha  Podophtlu  (TJ.  S.  P.),  Podofhtlu  Rebina  (B.  P.),  5-^0  mgs. 
A-i  gr-)- 

POula  Podophyili,  BeUadowa  et  Captici  (U.  S.  P.),  1  pill. 

TisenTRA  PoDOPHTLLi  (B.  P.),  5-15  mins. 

PodophylUn  varies  condderably  in  composition,  and  ought  to  be  avoided. 
r  Podophyllotoxin.    5-10  mgs.    Neither  of  these  is  pharmacopceiaL 
■J  JaUpa  (TJ.  8.  P.,  B.  P.),  the  tuberous  root  of  Ipomiea  Jalapa.    0.3-1  0. 
(5-15  grs.). 

Extractum  Jalapa  (B.  P.),  0.1-0.5  Q.  (2-8  grs.). 

Ebsina  Jalap*  (U.  S.  P.),  JaijiP.«!  Resina  (B.  P.),  0.1-0.3  G.  (2-6  grs.).  \  - 

PuLVia  Jalafx  Coupoairna  (TJ.  S.  P.,  B.  P.)  contains  jalap  and  Htar- 
trate  of  potash.    1-4  G.  (1&-60  grs.). 

Tinetura  Jalapa  (B.  P.),  H-1  A-  ^■ 

Scammonism  (TJ.  8.  P.),  a  resinous  exudation  from  the  living  root  of  Con- 
volvulus Scammonia. 

Besina  Scammonia  (T7.  S.  P.),  0.2  G.  (3  grs.). 

B.  P.— Scunmonis  Radix,  Scammony  root,  the  dried  root  of  Convolvulus 
Scammonia. 

Seammoniie  fiesimi,  3-8  grs. 

PiLGiiA  SoAHUOKLa  CouPOSTCA  (contains  jalap  and  ginger),  4-8  grs. 

Ptdvia  Scammanii  Compoaitua  (contains  jalap  and  f^ger),  10-20  grs. 
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Scammony  is  also  coDtaiaed  in  the  componnd  colocj^th  preparations. 

Enonymna  (IT.  S.  P.),  SnonTinl  Cortex  (B.  P.),  Wahoo,  the  dried  root- 
bark  of  Euonymua  atropnrpnreos. 

Extractum  Euonymi  (U.  S.  P.),  0.05-0.2  G.  (1-3  grs.). 

Extractum  Euonymi  Siccum  (B.  P.),  1-2  grs. 

Fluidextractum  Etwnymi  (U.  S.  P.),  0.5  c.c.  (8  mins.). 

Elaterinam  (U.  S.  P.,  B.  P.),  C.n.O„  a  neutral  principle  obtained  from 
elaterium,  a  suhstance  deposited  by  the  juice  of  the  fruit  of  Ecballium  Ela- 
terium  (sqairtinff  cueiuaber).    1-5  mgs.  (^i-jo  ET-1- 

Trituratio  Elaterini  (U.  S.  P.)  (one  part  elaterin  in  9  parts  so^ar  of  milk), 
16-60  mga.  (J-l  gr.). 

Pidvis  Elaterini  Compoeitus  (B.  P.)  (one  part  elat«rin  in  39  parts  milk 
sugar),  1-4  gra. 

Cunbocia  (U.  S.  P.,  B.  P.),  Gamboge,  a  gum  resin  obtained  from  Garcinia 
Eanborii. 

The  i;e8moiiB  pu^^j^ativea  are  jfftnprnllT  B'^"''Tliflti''"'f1  i°  piJl_fQEm ; 

very  frequ^lfly  twoor  more  are  combined  in  one  pill,  or  they  may  be 

prescribed  along  with  extract  of  belladonna  or  byoacyamus,  or  with  a 

drop  of  some  carminative  oil  or  resin,  to  prevent  the  pain  and  griping 

which  often  accompanies  their  action.     The  importance  of  these  pur- 

Ijgativea  is  much  less  than  it  was  formerly,  and  several  of  them  are 

11  very  seldom  used;  the jnost  important  (ne-<olocTOth,  podoplivllum. 

land  jalap.     In  large  doses  they  act  rapidly,  witnthe  exception  of 

//  podophyllum,  which  induces  purgation  very  slowly  (10—20  hours). 

Tberapentlc  Vem  of  the  PnrgatlTeB. — The  purgatives  are  employed 

to  cause  evacuation  of  the  bowel  when  for  any  reason  its  peristalsis  is 

)slow.  In  ordinary  conatigation  of  short  etanding,  in  which  the  peri- 
stalsis may  merely  ae^sSihewhat  more  slu^sb  than  usual,  the 
milder  laxatives  are  prescribed — caaUx-cil,  8enn»,  rhu^b,  aloes, 
frangula,  or  caacara  aagrada.  The  first  two  cause  leaat^isturbwice 
oTffieEowel,  but  are  "3isagf  eeable  to  take,  and  are  less  commonly  pre- 
scribed for  adults  than  rhubarb  or  cascara,  or  small  doses  of  colocynth 
or  podophyllum.  In  children  or  in  debility  in  adults,  senna  and 
castor  oil  are  frequently  used  however. 

In  chronic  constipation  which  cannot  be  controlled  by  hygienic 
measures,  or  by  the  use  of  a  special  dietary  such  as  fruits,  or  coarse 
meal,  and  where  the  intestine  has  apparently  taken  on  a  sluggish 
habit,  rhubarb,  cascara,  aloes,  podophyllum,  or  colocynth  may  be 
ordered,  but  the  qaliagcathartics  often  provfl^jpore  sajagfactory. 
Ehubarb  tends  to  cause  some  constipation  aTter  its  laxaUveeftects, 
but  is  often  used  in  these  cases,  as  it  possesses  some  bitter  stomachic 
action,  which  compensates  for  its  astringent  after-effects.  This  bitter 
action  is  often  given  to  the  other  purgatives  by  the  addition  of  gen- 
tian, nux  vomica,  or  cinchona.  In  obstinate  constipation,  in  which 
(the  bowel  contains  hard  fsBcal  masses,  the  milder  purgatives  often 
provoke  griping  without  relieving  the  condition,  and  in  these  cases 
larger  doses  of  colocynth,  jalap,  podophyllum,  or  croton  oil  are  used, 
along  with  some  of  the  extracts  of  the  atropine  group  or  with  a  eai> 
minative  oil.  They  may  be  prescribed  along  widi  some  of  the  saline 
cathartics,  as  in  the  compound  infusion  of  senna  or  the  compound 
powder  of  jalap. 
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Croton  oil  is  used  especially  where  the  drug  ia  required  to  be  of 
sm&U  bulk  and  the  adniiniatration  is  attended  with  special  difficulty ; 
tbufi  in  Qncousciousness  or  mania  one  or  two  drops  may  be  given  on 
sugar.  In  lead  colic,  croton  oil  is  said  to  act  more  rapidly  and 
efficiently  than  the  others. 

In  some  forms  of  diarrl^oea  flftifltflP*^^  ip-itntioTi  seems  to  be  kept  up  i 
by  the  presence  of  irritants  in  the  bowel,  and  the  indications  are  the  I 
removal  of  these  by  a  purpe  rather  than  the  administration  of  astrin- 1 
gents.  Castor  oil,  senna  and  rtmbfl^^  are  especially  adapted  for  this  / 
purpose ;  tLe  tVo  first  because  3iey  increase  the  irritation  of  the  bowel  I 
less  than  the  others,  the  latter  because  of  its  subsequent  astringent) 
action. 

A  purgative  is  often  administered  as  a  preliminary  in  the  treatment 
of  malaria,  syphilis  and  other  conditions,  and  seems  to  have  beneficial 
effects,  although  these  are  difficult  to  explain.  In  the  beginning  of 
acute  fevers  also  a  purge  ie  often  useful,  perhaps  through  the  conges- 
tion of  the  bowel  withdrawing  the  blood  from  the  rest  of  the  body,  or 
through  the  removal  of  poisonous  substanoes  formed  by  the  decom- 
position of  the  intestinal  contents.  In  congestion  of  the  brain  and  in 
high  blood-pressure  a  putative  is  often  administered  with  good 
effects,  which  may  also  be  attributed  to  the  accumulation  of  blood  in 
the  mesenteric  circulation,  and  perhaps  to  some  action  analogous  to 
counter-irritation  of  the  skin.  For  these  purposes  a  sharp  purge  is 
generally  used,  either  croton  oil  or  one  of  the  jalapin  and  colocyn- 
thin  series. 

The  more  powerful  pui^tives,  especially  elaterium,  were  formerly 
lately  used  to  remove  fluid  from  the  body  in  cases  of  dropsy  or 
(edema,  and  they  were  generally  prescribed  along  with  the  saline 
cathartics  for  this  purpose.  Other  means,  such  as  diuretics,  are  gen- 
erally preferred  now  from  a  fear  that  the  violent  purging  may  weaken 
the  patient,  but  good  results  are  often  obtained  by  means  of  this 
treatment,  especially  as  a  preliminary  to  the  use  of  digitalis. 

The  specific  action  of  aloes  on  the  uterus,  perhaps  aided  by  the 
congestion  of  the  pelvic  organs  from  its  purgative  effects,  had  led  to 
its  use  in  amenorrhcea ;  it  is  generally  administered  along  with  iron 
or  with  myrrh,  which  is  credited  with  some  special  action  on  the 
genital  organs. 

The  purges  act  as  intestinal  disinfectants  by  removing  the  micro- 
organisms mechanically,  though  the  vegetable  purges  are  less  used 
for  this  purpose  than  calomel.  A  purgative  is  administered  to  remove 
poisons  in  the  intestine  when  they  have  passed  beyond  the  stomach 
or  when  they  are  excreted  into  the  bowel. 

Purgatives  are  contraindicated  in  conditions  of  acute  intestinal  / 
irritation,  and  during  menstruation  and  pregnancy,  owing  to  the  con-  [ 
gestion  of  the  pelvic  organs,  which  may  lead  to  an  excessive  flow  in  the  ] 
one  case  and  to  abortion  in  the  other ;  aloes  is  especially  dangerous  ' 
in  these  conditions.  In  collapse,  astbenia  and  aneemia,  powerful  pur- 
gatives are  contraindicated,  owing  to  the  irritation  they  produce.     Is 
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tuemorrlioids,  aloes  is  often  said  to  do  harm  by  increasing  the  conges- 
tion of  the  rectam,  and  powerful  purges  are  iujurious  from  the  strain- 
ing they  cause,  but  if  constipation  is  present,  a  mild  purgative  is 
beneficial.  In  all  those  conditions,  if  a  purgative  is  required,  either 
castor  oil,  senna  or  rhubarb  ought  to  be  chosen. 

j  Repeated  attempts  have  been  made  to  prodoce  evacuation  of  the  bowels 
[  by  snbstancea  injected  sabcutaDeously.  Hiller  found  coloe^nthjn  the  beat 
available  for  practical  purposes,  although  aloin  and  catEar^u  add  also 
acted  efficiently.  The  injection  is  so  punfnl,  however,  that  it  ought  only  to 
be  had  recourse  to  in  exceptional  circumstances.  Dixon  bas  suggested  the 
use  of  apocodeine  for  this  purpose,  and  more  recently  some  of  the  -phfiosl- 
pllt^ein  compounds  have  been  used  by  Abel  and  Rowntree. 

Another  method  by  which  the  purgatives  may  be  administered  Is  in  enema. 
The  addition  of  purgatives,  such  as  castor  oil,  and  of  bile  to  the  ordinary 
enemata  has  been  practised  for  many  years,  but  Kohlstock  has  recently 
drawn  attention  to  the  use  of  purgatives  by  enema  with  only  1-3  teaspoonfuls 
of  fluid.  The  large  water  enema,  containing  a  pint  or  more  of  fluid,  -acts 
mainly  by  distending  the  bowel  and  thus  setting  up  peristalms,  althou^  the 
soaps,  salt  and  other  similar  bodies,  which  are  often  added  to  it,  may  have 
an  irritating  effect  in  addition.  In  the  email  enema,  however,  distention 
plays  no  part,  the  movement  being  elicited  by  the  irritant  action  of  the  drug. 
Koblfltock  found  that  colocynthin  (0.01-0.03  G.),  aloin  (0.4-0.5  Q.),  and 
cathartinic  acid  (0.6  Q.)  dissolved  in  glycerin  caused  purgation,  colocynthin 
acting  in  ^^2  hrs.,  aloin  in  2-12  hrs.  and  cathartinic  acid  in  1-6  hrs.  The 
two  latter  were  certain  in  their  effects  only  in  cases  of  moderate  constipation. 
He  attributes  their  action  to  absorption  from  the  rectum. 
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Vn.     VZaSTABUB    ASTBINOEKT&— TAimiO    AOID    SERIES. 

A  large  number  of  vegetable  subetanceB  owe  tbeir  action  to  their 
containing  tannin  substances,  while  in  many  other  preparations  the 
effect  of  more  important  constituents  is  modified  by  the  presence  of 
these  widely  distributed  bodies.  TamiJe  acid  proper  (Ci4EiflOo)  is 
a  very  feebly  acid  substance  derived  from  the  oak  gall,  and  seems  to 
consist  of  an  anhydride  combination  of  gallic  acid,  CjHaOii.  into 
whi^  itJfr-y«c[  fla8ily3n'""'r"f^'^  Gallic  acid  le  formed  from  a 
lai^enumber  of  other  bodies  which  closely  resemble  tannic  acid  in 
their  general  features,  bnt  are  by  no  means  identical  with  it.  Their 
constitution  is  altogether  unknown,  but  they  possess  a  number  of 
reactions  in  common  and  are  generally  classed  together  as  the  tannic 
acid  aubatances.  Some  of  them  contain  a  sugar,  and  tannin  or  tanuici 
acid  is  the^etore  sometimes  said  to  be  a  glucoside.  These  bodies  pre- 1 
cipitate  albumins,  gelatin,  alkaloids  and  some  glucosides,  and  the  I 
salts  of  the  heavy  metals.  The  salts  of  iron  form  a  bluish-black  or 
greenish-black  precipitatejUnd  an  attempt  is  sometimes  made  to  divide  | 
tfie  forms  of  tannic  acid  by  this  reaction,  but  they  may  be  better  indi-  ij(*^ 
cated  by  their  origin,  as  kiuotannic  acid  from  kino,  catechutanuic  | 
acid  from  catechu,  etc 

Action, — The  pharmacological  effects  of  these  bodies  are  due  to 
their  precipitating  albumins  and  other  proteins,  and  this  reaction 
may  therefore  be  described  before  their  action  in  the  body.     If  tannic 
acid  solution  be  added  to  a  neutral  solution  of  albumin  or  gelatin, 
a  white  precipitate  falls,  which  ie  entirely  insoluble  in  water,  but  is 
soluble  in  excess  of  albumin  or  gelatin,  in  acetic  or  lactic  acid,  and  in 
alkaline  solutions.^     Solutions  of  pepsin  and  of  peptones  are  also  pre- 
cipitated by  tannic  acid  unless  in  the  presence  of  an  acid.     If  protein   | 
tannate  be  exposed  to  the  action  of  the  gastric  juice  it  undergoes 
digestion  and  is  dissolved  in  the  same  way  as  an  ordinary  coagulated   I 
protein  such  as  fibrin.     During  the  process  the  tannic  acid  is  set  free  ' 
from  its  combination  apparently,  and  can  precipitate  undigested  pro- 

'  Some  discrepancies  in  tlie  aecoontB  of  different  autliors  in  regard  to  tbcM  reae- 
tiooa  are  perhapa  due  to  variationa  in  the  anrannt  of  tbe  neutral  aalta  in  th^  pra- 
parationa. 
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altLough  it  haa  no  effect  on  the  peotonea  in  the  acid^piejinm. 
When  a  aoluble  tannate  ia  formed  by  the  addition  ot  soda  orpotwh  to 
a  tannic  acid  solntion,  the  presence  of  proteina  produces  no  preeipi- 
tate,  the  affinities  of  the  acid  being  satisfied  bj  the  alkali,  and  for  the 
same  reason  the  tannic  acid  precipitate  ia  diasolved  in  the  presence 
of  alkalies, 

)  Tannic  acid  applied  to  animal  tiasue,  as  in  the  tanning  of  leather, 
canaes  a  precipitation  of  the  proteins,  and  the  tissue  becomes  harder 
and  tongher  and  tends  to  shrink  together ;  at  the  same  time  it  has  less 
Itendencj  to  undergo  putrefactive  changes  and  does  not  loae  its  flexi- 
|bility,  as  it  would  in  drying.  Strong  solutions  cause  an  immediate 
dense  precipitate  of  the  proteins  on  the  surface  and  prevent  the  further 
penetration  of  the  coagulating  fluid,  while  the  more  dilute  solutions 
are  believed  to  penetrate  more  deeply  and  thus  to  cause  a  more  com- 
plete precipitation  of  the  proteins  of  the  tissue. 

Tannic  acid  solutions  have  a  harsh,  bitter,  "  astringent "  taste  and 
produce  in  the  mouth  a  feeling  of  constriction,  dryness  and  rough- 
ness, along  with  a  sense  of  stiffness  in  the  movements  of  the  tongue, 
and  some  loss  of  taste.  These  effects  are  due  to  the  coagulation  of  the 
superficial  layers  of  protein  both  within  and  without  the  epithelium, 
which  substitutes  for  the  ordinary  smooth  surface  a  firmer,  less  even 
one,  over  which  the  tongue  can  no  longer  move  easily.  The  feeling 
of  constriction  may,  perhaps,  be  caused  by  an  actual  shrinking  of  the 
superficial  layers  of  the  epithelium,  or  may  be  due  merely  to  the 
impaired  movements  and  sensation. 

The  astringent  feeling  Is  continued  in  the  throat  as  the  solution  is 
swallowed,  and  occasionally  some  discomfort  or  even  nausea  and  vom- 
iting are  provoked  by  it,  but  as  a  general  rule  no  such  effects  are 
observed.  The  stools  are  rendered  harder  and  firmer  by  the  admin- 
istration of  tannic  acid,  and  constipation  is  often  produced  by  it.  In 
excess,  tannic  acid  sometimes  causes  irritation  of  the  intestine  and 
diarrhcea,  but  beyond  these  symptoms  of  local  irritation  of  the  stomach 
and  bowel,  no  effects  arise  from  even  enormoas  quantities  of  the  drug. 

In  the  stomach,  tannic  acid  combines  with  any  protein  substance 
with  which  it  may  come  in  contact  and  precipitates  it,  but  as  digestion 
progresses,  this  combination  is  broken  up,  aa  the  peptones  do  not  com- 
bine with  tannic  acid  in  acid  solution,  and  the  astringent  action  is 
therefore  exercised  on  the  walls  of  the  stomach  and  intestine.  Ordi- 
nary quantities  cause  the  same  superficial  coagulation  as  in  the  mouth, 
but  if  large  doses  be  given  when  the  stomach  and  intestine  are  not 
protected  by  foodstuffs,  a  more  complete  coagulation  of  the  mucous 
membrane  takes  place  and  the  consequent  irritation  results  in  vomit- 
ing, and  sometimes  in  diarrhcea.  The  increase  in  the  consistency  of 
the  stools  is  probably  due  to  the  layer  of  coagulated  protein  acting  as 
a  protective  to  the  bowel,  lessening  its  irritability  and  thus  retarding 
its  movements,  so  that  there  is  longer  time  for  the  absorption  of  the 
fiuid  part  of  its  contents,  although  this  proceeds  more  slowly  under 
tannic  acid  than  normally  (Gebhardt).     The  secretion  of  mucus  by 
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the  inteatinal  epithelium  ia  lessened  (Fiey),  and  this  m&j  also  retard 
the  p&BBSge  of  the  contents.  Yeasts  and  microbes  are  precipitated  hj 
tannin,  and  this  may  tend  to  lessen  the  fermentation  in  the  bowel  in 
some  cases,  although  some  preparations  of  tannic  acid  which  have 
been  examined  in  regard  to  this  point  have  been  found  to  have  little  or 
no  eflect  on  intestinal  putrefaction. 

The  local  application  of  tannic  acid  canses  a  diminution  of  the 
secretions  of  glands,  as  has  been  demonstrated  b;  Schiitz.  This  is 
due  to  its  effects  upon  the  protoplasm  of  the  secreting  cells,  which 
probablj  undergo  the  initial  stages  of  coagulation. 

It  was  formerly  believed  that  tannic  acid  caused  constriction  of  the 
vessels  of  any  part  to  which  it  was  applied,  but  some  doubt  has  been 
thrown  on  this  by  the  experimental  results  obtained  by  Bosenatim 
and  others.  Heinz,  the  most  recent  writer  on  the  subject,  found  that 
solntioDS  of  tannic  acid  of  less  strength  than  ^  per  cent,  cansed  con- 
striction of  the  mesenteric  vessels  of  the  frog  or  rabbit  when  applied 
directly,  while  more  concentrated  solutions  caused  tr^gient-  eoastrie- 
tiop  followed  by  dilation.  Another  local  effect  produced  by  tannic 
acid  is  seen  in  tbe  cessation  of  the  movements  of  the  leucocytes  in  the 
tissues  around  the  point  of  application  and  the  arrest  of  their  diaped- 
eais  through  the  walls  of  the  vessels.  "  " 

When  tannic  acid  comes  in  contact  with  blood  in  a  test-tube  it  l 
precipitates  the  proteins,  and  when  it  is  injected  intravenously,  the  \ 
precipitate  formed  leads  to  the  formation  of  emboli. 

The  fate  of  tannic  acid  in  the  body  baa  given  rise  to  some  discus- 
sion.    When  it  is  taken  internally  a  small  proportion  is  sometimes 
eliminated  by  the  bowel  unchanged,  but  very  often  none  is  to  be  found 
in  the  stools ;  traces  are  apparently  absorbed  and  excreted  in  the  urine 
in  both  man  and  animals,  although  some  investigators  have  failed  to 
detect  these.     When  sodium  tannate  is  administered  internally,  a 
distinctly  larger  amount  of  it  is  absorbed  and  reappears  in  the  urine, 
But  much  the  greater  part  of  the  tannic  acid  is  decomposed  in  the  1 1 
intestine  into  gdUji.acld,  some  of  which  often  passes  out  in  the  stools,  \| 
some  in  the  urine.     Only  about  one  per  cent,  of  the  tannic  acid  swal- 
lowed reappears  in  the  excretions,  either  as  tannic  or  gallic  acid ;  the  I 
rest  apparently  undergoes  complete  oxidation  in  the  tissues,  for  no  I 
further  trace  of  it  can  be  found.     After  tannic  acid  is  administered, 
some  tannic  or  gaUic  salt  is  present  in  the  blood,  for  iron  salts  give  a 
darker  color  to  it,  but  it  is  impossible  to  state  whether  this  ia  tannin 
or  a  gallate,  although  in  all  probability  it  is  the  latter.     According  to 
Hamack,  the  gallic  acid  in  the  urine  sometimes  forms  pyrogallol  on 
standing,  but  this  poisonous  substance  is  not  formed  from  tannic  acid 
in  the  intestine  or  tissues. 

Tannic  acid  then  does  not  exist  in  the  tissues  as  such,  but  only  in  1 
the  form  of  traces  of  the  gallate  or  tannate  of  soda,  which  are  so  small  | 
as  to  be  devoid  of  astringent  properties.  Tannate  of  soda  seems  to  I 
have  no  action  whatever,  while  gallic  acid  has  no  further  properties  I 
than  other  weak  acids.     The  effects  of  tannic  acid  are  therefore  lim- 
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ited  to  tile  point  of  application,  and  there  is  no  evidence  of  any  weight 
that  it  exercises  any  action  after  absorption.  The  alkaline  tannates 
are  generally  believed  to  be  entirely  devoid  of  astringent  effects,  bat 
the  tannic  acid  ia  freed  to  some  extent  by  such  feeble  acids  as  car- 
bonic acid,  so  that  the  astringent  action  is  present  in  the  intestine. 

Tannic  acid  is  often  said  to  lessen  the  albumianria  in  certain  fonpa  of 
f  Rrjpht'n  flyjaM,  bnt  the  only  eAAt  'detcrminflltOhS'  which  liave  beenmade 
\  iiTman  showed  th^  no  such  effect  was  present,  and  in  RibbBTts*  experiments 
}  the  animals  were  moribund  when  tbe  improvement  oeeorred,  and  no  safe 
^igljk  tw(  C  deductions  can  be  made  therefore.  The  urine  is  sometimes  said  to  be 
I  diminished  b;  tannic  acid,  bat  this  statemenT^  based  on  error.  Last  of 
I  all,  tannic  acid  is  said  to  lwa«m  ;T](i.m»l  hernorrhaee  by  contracting:  the 
\  vesselB,  but  tannate  of  soda,  the  only  form  in  which  it  ean  exist  in  the  blood 
is  entirely  devoid  of  action. 

Gallic  acid  given  by  tbe  month  is  absorbed  and  is  excret«d  by  the  kidneys 
l\  to  some  extent.  Mndi  of  it  disappears  in  the  tissnes,  however,  apparently 
rjby  oxidation.  G-allie  acid  has  no  astringent  properties  and  is  qait«  nseless  in 
'  'therapeutics. 

The  nnmerous  preparations  of  the  pharmacopoeias  which  owe  their 

1  activity  to  their  containing  tannic  acid,  differ  from  the  pure  drug  in 
that  the  acid  is  only  slowly  dissolved  ont  from  the  colloid  mass,  and 
therefore  acts  less  on  the  stomach  and  affects  a  greater  length  of 
intestine. 

PsEPARATIOnS. 

Addam  Tanuicnm  (U.  S.  P.,  B.  P.),  tannic  acid,  gallotannic  add  or 
digallic  acid  (HC„H,0,),  an  organic  acid  obtained  from  nut  gall,  0.1-0.6  Q. 
/.i«flp,.    (2-10  grs.). 

"         ^GLTOBBrruM  Acmi  Tahiuci  (U.  S,  P.),  Oltcebinuu  Acidi  Tahhici 
(B.  fT^ 
^nguentwm  Aeidi  Tannic*  <n.  S.  P.). 
Collodium  Styptumm  (U.  S.  P.). 

TroeMad  Aeidi  Tonntct  (U.  8.  P.),  0.06  G.  (1  gr.) ;  (B.  P.),  h^gr.ia  eadi. 
Suppoaiioria  Aeidi  Tarmici  (B.  P.),  0.2  0.  (3  grs.)  in  each. 
Qlfublr  (U.  S.  P.),  an  extract  prepared  from  the  wood  of  Ourouparia 
Gambir,  "1  G.   (15  grs.)- 

TrNCTiTHA  Gambib  CoMPoaiTA  (U.  S.  P.),  (flavored  with  dnnamon),  4  e.e. 
^  ■-      (1  fl.  dr.). 

Troehiaei  Gambir  (IT.  S.  P.),  each  containing  0.06  G.  (1  gr.). 
Oambir  has  been  substituted  for  the  Cat«chti  of  former  editions  of  tbi> 
PharmacoptBia. 

Oatediu  (B.  P.),  an  extraet  of  the  leaves  and  young  t&oots  of  TJncaria 
Gambier. 
T,  -  H  (■  t-  TiNCTOEA  Catbcht,  %-1  fl.  dr. 

Trochisci  Catechu,  each  containing  0.065  G.  (1  gr.)  of  catechu. 
Pulvia  Cateohu  Compositvs  contains  catechu,  kino,  krameria,  cinnamon  and 
nutmeg,  10-40  grs. 

Krameria  (U.  S,  P.),  Rbatany,  the  root  of  Krameria  triandra  and  of 
Krameria  Ixina,  Kramerls  Radix  (B.  P.),  the  dried  root  of  Para  Rhatany 
(Krameria  argenteat)  or  of  Peruvian  Rhatany  (Krameria  triandra). 
Oi-lS  ExTHACTDM  KRAMERi.ffl  (U.  B.  P.,  B.  P.),  0.3-1  G.  (5-15  grs.). 

Flv.idextTaetvm  Krameriie  (U.  8.  P.),  0.5-4  c.c.  (10-60  mins.). 
I  Tinetura  Krameria!  (U.  S.  P.,  B.  P.),  2-8  c.c.  (^^2  fl.  drs.). 

Syrupua  Krameria  (U.  S.  T\  2-10  c.c.  {^^-Z  fl.  drs.). 
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Trocfctaci  framerjie  (tJ.  S.  P.,  B.  P.),  each  containing  1  gr, 

Trockiseue  Kramerue  et  CocoMce  (B.  P.),  eadi  containing  ^  gr.  of  cocaine. 

Kino  (U.  S.  P.,  B.  P.),  the  inspissated  jnice  of  Pterooarpus  Maranpinm, 
0.5-2  G.  (10-30  gra.). 

TiNOTCKA  KiKo  (U.  S.  P.,  B.  P.),  2-8  C.C.  (^2  fl.  drs.). 

PoLvia  Kino  Comfosttus  (B.  P.),  contains  5  per  cent,  of  opinm,  5-20  gra. 

Eunamfllidis  FoU»  (U.  S.  P.,  B.  P.],  Witchhazel,  the  leaves  of  Hamamelis 
Virginiana,  contains  tannin,  a  volatile  oil  end  a  bitter. 

Bamamelidia  Cortex  (TJ.  S.  P.,  B,  P.),  the  dried  bark  of  Hamamelis  Vir- 
giniana, witchhazel  bark. 

Fluidextractum  Samamelidis  FoUontm  (U.  S.  P.),  2  c.o.  (30  mins.). 

Extractum  SamameUdig  Idquidum  (B.  P.),  5-15  mins. 

Tinclura  Hamamelidis  (B.  P.),  y^-l  fl.  dr. 

Ungnentiim  Hamamelidis  (B.  P.). 

Hsnutoxylon  {U.  S.  P.),  HsiuKtozyU  Lignmii  (B.  P.),  Logwood,  the 
heart- wood  of  Hramatozjlon  campecbiannm. 

Extractum  Htematoxyli  (tJ.  S.  P.),  1  G.  (15  grs.). 

Decoetum  Siematoxyii  (B.  P.),  ^2  fl,  oz. 

Eacalypti  Qnmmi  (B.  P.),  a  ruby-colored  exudation,  or  so-called  red  gam, 
from  the  bark  of  Eucalyptus  rostrata  and  some  other  species  of  Eucalyptus. 
2-5  grs. 

Trochiactu  Eucalypti  Gvmmi  (B.  P.),  each  containing  1  gr.  of  the  gum. 

Gerudmn  (U.  S.  P.),  Crsnesbill,  the  rhizome  of  Geranium  maculatum. 
1-2  G.  (15-30  grs.). 

Fbiidextraetum  Geranii  (U.  S.  P.),  1  e.c.  (15  mina.). 

Rnbna  (U.  S.  P.),  Blackberry,  tbe  bark  ot  the  root  of  Rubns  tIIIobub,  B. 
Canadensis  and  R.  trivialis. 

Flmdextractum  Rubi  (U.  S.  P.),  1  c.c.  (15  mins.). 

SyrvpuB  Rubi  (U.  S.  P.),  2-8  c.c.  (^2  fl.  drs.). 

Chdlft  (n.  S.  p.,  B.  p.),  Nut-gall,  an  excrescence  on  Quercns  lusitonioai 
(Qnercus  infectoria,  B.  P.),  one  of  the  oaks,  caused  by  the  punctures  and 
ova  of  an  insect,  Cynips  Galle  tinctorite. 

Tinctura  GalUe  (U.  S.  P.),  4  c.c.  (1  fl.  dr.). 

Ungumtum  GalUe  (U.  S.  P.). 

QaercuB  (U.  S.  P.),  white  oak  bark.    1  G.  (15  gra.). 

Fluidextractum  Quercua  (U.  S.  P.J,  1  c.c.  (15  mins.). 

Several  new  preparations  of  tannie  acid  have  been  introduced  into  thera- 
peutics ot  late  years,  chiefly  for  nse  as  intestinal  astringents.  Tannic  acid 
itself  is  liable  to  produce  irritation  of  the  stomach,  and  to  be  decomposed 
or  absorbed  to  a  large  extent  before  it  reaches  the  lai^  intestine,  and 
although  tbe  cruder  preparations  are  less  liable  to  these  changes,  even  tbey  are 
by  no  means  devoid  of  disagreeable  features.  Meyer,  therefore,  introduced 
tannigen,  or  diacetyltannin,  in  which  two  of  the  original  hydroxyl  groups  of/ 
t£e  tannic  acid  are  replaced  by  acetyl.  This  body  is  exceedingly  insoluble  in  ( 
water,  but  is  dissolved  by  alkalies.  It  was  hoped  that  it  would  remain  insol-l 
able  in  the  stomach  and  only  commence  to  act  in  the  bowel,  and  Rost  flndal 
that  after  administration  by  the  mouth,  it  occurs  in  tbe  human  fieces  in  small ' 
quantity  as  tannic  acid,  while  in  the  cat  it  passes  through  the  alimentary 
canal  in  part  unchanged.  At  the  same  time  the  presence  of  gallic  acid  in  tbe 
mine  indicates  that  part  of  it  undergoes  the  fate  of  tannic  acid.  Tannoform 
is  a  somewhat  similar  combination  of  tannic  acid  and  formaldehyde,  while 
tannopin  is  a  still  more  recent  and  untried  member  of  the  series.  Botb> 
tannigen  and  tannoform  are  astringent  in  tbe  mouth  and  stomach,  but  reach) 
the  bowel  owing  to  their  insolubility.  The  tannalbin  of  Qottleib,  on  the 
other  hand,  is  a  combination  of  tannic  acid  aitS~1i!bumen,  dried  at  sncb  a  } 
temperature  as  to  prevent  tbe  action  of  tbe  gastric  juice  upon  it,  but  capable  | 
of  being  broken  up  by  the  more  powerful  pancreatic  fluid.    It  is  entirely 
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insoluble  &nd  is  not  ttstringent  until  digeated  in  the  bowel,  so  that  it  has  no 
irritant  action  on  the  stomach  and  is  tasteless.  Rost  found  tannalbin  and 
tannic  acid  in  the  fseeea  of  the  cat  after  its  administration,  while  only  gallic 
acid  occnrs  in  the  stools  and  urine  in  man,  showing  that  in  the  latter  the 
whole  of  the  tannalbin  administered  is  decomposed  in  its  passage  throng'h 
the  alimentary  canal.  Tannocol  is  a  combination  of  tannic  acid  and  gelatin, 
resembling  tannalbin  i 


^      Tanniqkn,  0.5-2  G.  (10-30  grs.),  in  powder. 

f       Tannalbin,  0.5-2  G.  (10-30  grs.),  in  powder. 

Several  combinations  of  gallic  acid  have  been  introduced  of  late  yean  as 
astringents.  They  can  have  no  such  effect,  however,  and  must  be  Regarded 
as  additions  to  tbe  group  of  inert  protective  powders,  which  is  already  repre- 
sented in  overabundance  in  therapeutics. 

Therapentic  Uaes. — The  preparationa  of  tannic  acid  ought  to  he  used 
for  their  local  effects  ext^uaively.  They  are  applied  externally  in 
cases  of  excessive  secretion,  as  in  local  sweating  or  weeping  ulcers,  and 
occaflionally  to  harden  the  skin.  For  this  purpose  tannic  acid  may  be 
used  in  solution  in  water,  or  in  the  form  of  the  glycerite  or  ointment, 
or  some  other  fluid  preparation  may  be  preferred.  The  styptic  collo- 
dion may  also  be  employed  for  this  purpose,  the  evaporation  of  the 
solvent  leaving  the  surface  covered  with  a  thin  layer  of  collodion 
'mpregnated  with  tannic  acid.     Tannic  acid  is  used  as  a  mouth  wash 

cases  of  swollen  gums,  or  relaxed  throat,  and  may  here  be  prescribed 

a  flavored  solution  or  in  the  form  of  lozenges,  of  which  the  pharma- 
copeia offers  a  choice.  In  certain  forms  of  diarrhcea  the  astringent 
action  of  tannic  acid  is  of  considerable  value,  and  occasionally  when 
euch  drugs  as  cod-liver  oil  cause  diarrhcea,  tannic  acid  prevents  this 
action  without  hindering  their  general  effects.  The  pure  drug  is 
seldom  used  in  these  cas^,  as  it  is  liable  to  derange  the  stomach  and 
to  form  compounds  with  the  albumins  before  it  reaches  the  bowel,  and 
catechu,  krameria  or  kino  is  accordingly  prescribed,  either  in  the  form 
of  pills  or  in  fluid  preparations.  Possibly  all  of  these  may  be  re- 
placed in  the  early  future  by  such  artificial  compounds  as  tannigen 
or  tannalbin.  Tannic  acid  stops  hemorrhage  by  precipitating  the 
proteins,  when  it  comes  into  ifljmgiJialgjyjntact  with  tbe  bleeding 
point,  but  it  is  not  of  so  much  v Jue  for  this  purpose  as  some  of  the 
'  metallic  astringents.  When  the  bleeding  point  can  be  reached  directly, 
the  pure  acid  is  used,  but  for  hemorrhage  of  tbe  intestine  or  stomach 
one  of  the  extracts  is  preferred,  large  enemata  containing  tannic 
acid  have  been  advised  in  cholera,  dysentery  and  similar  conditions. 

In  cases  of  poisoning  with  joetals  and  alkaloids,  tannic  acid  is  often 
used  to  cause  TBGlf  precipitation  in  tbe  stomach,  but  the  tanuate 
formed  must  be  removfeaat  once,  aa  it:  Is  gradually  dissolved  imtET 
digestive  fluids.  TL'e  administration  of  tannic  acid  is  therefore  only 
a  temporary  expedient  to  allow  of  active  measures  being  taken  to 
empty  the  stomach. 

Some  individuals  are  peculiarly  susceptible  to  the  action  of  tannic 
acid,  which  induces  local  irritation  and  inflammation  wherever  it  is 
applied  in  these  cases. 
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IX.    AHTHELMnfTIOa 

Apthelmintica  are  druga  which  are  used  to  kill  or  remove  intestinal 
worffls!  Several  of  the  members  of  this  class  present  mutual  resem- 
blances in  their  chemical  and  pharmacological  properties,  while  others 
may  be  classed  with  them  as  being  used  exclusively  for  this  purpose. 

In  order  to  possess  any  value  as  an  anthelmintic,  a  drug  must,  of 
course,  act  more  atri^tifrlv  on  the  parasite  than  on  the  hoat.  and  this 
more  intense  effect  may  be  attained  either  by  a  specific  action  on  the 
parasitej  or  by  the  drug  failing  to  be  absorbed  Irom  tfle  alimentary 
(tflBSl.  &s  a  matter  of  fact,  the  anthelmintics  have  not  been  sliown 
to  possess  any  such  specific  action,  but  seem  to  injure  most  forms  of 
living  matter;  this  has  been  demonstrated  more  particularly  for 
muscle  tissue.  Their  use  is  thus  rendered  possible  only  by  their  slow 
absorption,  which  permits  of  their  acting  on  the  parasite  in  greater 
concentration  than  on  any  of  the  tissues  of  the  hoat. 

Anthelmintics  are  often  divided  into  vermicidea  and  vermifuges. 
according  as  they  kill  or  merely  cause  the  expulsion  of  the  worm,  but 

as  this  is  'latafm^yif  J  1"-^"1y  ^y  *^p  gfmnHty  TpJiii^Ti  cflmt^a  in   ppTltnp.t 

with  the  parftBJte  and  the  raniditv  with  wbi^-Ti  tTiP  }^/^y>91  ig  pvHP.^ntBd, 
the  distmction  ia  imftginarv. 

Before  the  administration  of  an  anthelmintic,  the  bowel  ought  to  be  \ 
emptied  of  its  contents  as  far  as  possible  by  a  light,  easily  digested  \ 
diet  and  a  laxative,  and  a  brisk  purge  ought  to  follow  some  hours  i 
later,  in  order  to  remove  the  dead  or  stupefied  worm.  The  anthel-  1 
mintic  is  often  prescribed  along  with  a  purge. 

A  number  of  drugs  belonging  to  other  groups  are  used  occasionally 
as  anthelmintics.  Thus  several  of  the  volatile  oils — ^tansy,  tnrpen* 
tine — ^have  some  reputation;  and  chloroform  is  also  administered 
occasionally  by  the  month  for  its  action  on  the  parasites,  but,  like  the 
volatile  oils,  is  apt  to  produce  gastric  and  intestinal  irritation.  The  ■ 
less  easily  absorbed  antiseptics,  such  as  naphthol,  have  been  used  with  1 
good  results,  and  thymol  is  regarded  as  a  specific  in  cases  of  uiLci-  * 
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nariaBis.  Large  enemata  of  salt  solution,  or  of  infasion  of  quassia, 
are  thrown  into  the  rectum  when  the  worms  infest  the  lai^e  intestines. 
The  anthelmintics  proper  may  be  divided  into  those  which  are  used 
for  tapeworm,  of  which  male  fern,  cuaao  and  pomegranaie  are  the  moat 
largely  used,  and  those  for  the  round  worm  of  which  santonin  is  the 
chief.  Besides  these,  an  enormons  number  of  substances  have  been 
used  popnlarly  as  anthelmintics,  but  have  not  been  shown  to  have  any 
advantages  over  those  more  generally  adopted  in  medical  practice. 

Hale  Fern  (Aflpidinm  Filix-mas). 

A  number  of  ferns  contain  bodies  which  present  considerable  resem- 
blance to  each  other  from  a  chemical  as  well  as  from  a  pharmacological 
point  of  view,  and  which  may  therefore  be  classed  together,  at  any 
rate  until  further  information  is  available  regarding  them.  The  beat 
known  of  these  is  the  male  fern  (Aspidium  Filiz-mas). 

The  active  conatitueiit  of  this  remedy  was  supposed  to  be  FHicic  Acid  by 
PouIssoD,  bnt  Boehm  has  found  other  neutr&l  and  acid  bodies  present, 
Atpidinin,  Flavaapidio  Acid,  Albaapidin  aod  Aapidinol — and  Kraft  has  added 
Filmaron  aod  Flavtupidinin.  These  bodies  are  all  derivatives  of  phloroglnciD 
and  butyric  acid,  and  it  is  still  uncertain  whether  the  effects  of  male  fern  are 
to  be  attributed  to  any  one  of  them  or  whether  all  of  them  may  not  share 
in  the  action.  Jaquet  holds  that  the  chief  therapeutic  factor  is  the  filmaron, 
bnt  that  the  others  also  have  some  effect.' 

Actfanu — The  extract  or  oleoresin  of  male  fern,  which  is  the  only 
one  of  these  plants  used  in  regular  medicine,  as  a  general  rule  passes 
through  the  bowel  without  causing  any  symptoms  whatever.  The 
quantity  of  active  substance  dissolved,  while  sufficient  to  destroy  the 
parasite,  is  too  small  to  produce  any  effects  on  the  host,  and  escapes 
with  the  other  contents  of  the  bowel,  or  if  absorbed  does  not  cause 
any  symptoms.  In  some  cases,  however,  where  large  quantities  are 
\  administered,  or  where  some  unknown  conditions  favor  the  absorption 
and  retention  of  an  unusually  large  amount  of  the  active  constituents, 
grave  and  even  fatal  symptoms  may  snperrene.  These  consist  in 
vomiting  and  purging,  with  acute  pain  in  the  abdomen,  muscular 
weakness,  confusion  and  somnolence,  with  occasional  twitching  of  the 
muscles,  or  slight  convulsive  movements,  collapse,  coma  and  death. 
The  stomach  and  intestine  are  found  congested  and  swollen,  and  some- 
times covered  with  small  ecchymoses.  In  some  cases  icterus  has  been 
observed  to  follow  the  administration  of  male  fern,  probably  from  the 
duodenal  catarrh,  but  possibly  from  destruction  of  the  red  blood  cells, 
the  number  of  which  has  been  found  to  be  diminished  in  some  in- 

'  Nearly  telated  bodies  h&ve  been  found  in  Atpidium  Htbamanticum  (Un- 
eomocomo),  nhicli  Gontftina  tiro  formB  of  Pannio  Acid,  And  in  Aepidiuin  spinu- 
losnm,  while  smaller  qaantitiee  of  acids  occur  in  a  lar^  number  of  fenu. 

SevcTal  of  theBs  fenii  enjoy  a  reputation  as  anthelmintics  for  tapeworm,  and 
their  virtues  are  generally  considered  due  to  these  bodies,  although  Kobert  main- 
tains that  It  is  partly  to  be  ascribed  to  the  fixed  or  volatile  oils  which  accompany 
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stances  (Oeorgiewsky) .  In  other  cases  pennanent  or  temporary 
blindness  has  resulted  from  neuritis  and  subsequent  stropb;  of  the 
optic  nerve. 

In  the  rabbit,  filicio  acid  produces  very  similar  symptoms.  The  congestion 
of  the  stomach  and  intestine  is  evidently  due  to  the  local  irritation  produced 
b;  the  poison,  while  the  other  Bymptoms  point  to  changes  indnced  in  the 
central  nervous  system.  It  would  eeem  probahle  that  the  epinal  cord  is 
affected  in  the  same  way  as  by  strychnine,  for  the  reflex  excitability  is  dis- 
tinctly increased.  The  higher  parts  of  the  central  nervous  system  seem  to 
be  depressed,  and  the  paralvsis  o£  the  reaniratorv  iwnlrft  ia  thn  ^fftiiHH  nf 
death,  although  the  heart  is  also  weakened  by  fllicio  acid.  Inflammation  of 
lEe  kidney  is  said  by  some  authors  to  occur,  and  in  some  cases  Poulsson 
found  evidence  of  gtycuronic  acid  in  the  urine. 

In  the  frog,  a  mixture  of  depression  and  stimulation  of  the  central  nervous 
system  is  produced  by  fliicic  acid,  along  with  a  distinct  diminution  in  the 
strength  of  the  skeletal  muscles  and  the  heart. 

Aspidin  (from  Aspidium  spinulosnm)  causes  dyspnixa  and  paralysis  of 
the  spontaneous  and  respiratory  movements  in  frogs;  fibrillary  twitching 
of  the  muscles  sets  in  after  some  time  and  is  succeeded  by  convulsive  move- 
ments or  tonic  spasms,  which  indicate  an  increased  activity  of  the  reflexes 
of  the  spinal  cord.  The  heart  is  depressed  and  eventually  paralyzed,  and  the 
peripheral  muscles  are  abo  weakened.  The  muscular  tissue  of  the  inverte- 
brates is  more  powerfully  affected  by  the  constituents  of  male'  fern,  and 
Straub  attributes  its  action  on  the  tapeworm  to  its  paralyzing  muscle. 
M'jmmtls  do  not  seem  to  be  affected  by  aspidin  injected  hypodermically  or 
administered  by  the  mouth,  but  when  it  is  introduced  directly  into  the  blood 
vessels,  it  proves  fatal  by  paralyzing  the  respiratory  centre.  Aspidinin 
induces  very  similar  symptoms  in  the  frog,  while  the  other  constituents  are 
less  active. 

The  blindness  which  has  been  observed  in  some  cases  of  male  fern  poison- 
ing has  also  been  produced  in  dogs;  it  occurs  chiefly  in  young,  weakly  and 
annmic  individuals. 

Pannie  acid  differs  from  filicio  chiefly  in  its  acting  more  strongly  on  muscle 
and  less  on  the  central  nervous  system  of  the  frog. 

PBXPAKA.T10N8. 

Awiil!*"'"  (17.  B.  p.),  Itale  fern,  the  rhizome  of  Dryopteris  Filix-mas  and 
of  Dryopteris  mar^aUs,  Filiz  Mas  (B.  P.),  Male  fern,  the  rhizome  of 
Aspidium  Filiz-mas.  w—     .  ■      .  t    \  en 

OunrntaisA  Aaptnn  (U.  S.  P.),  2-8  c.c.  (yz-2  fl.  dr8.)«''»'C^*^«'*«^*i|^  *  ^ 
iSxrcKAcnm  Filicis  li<timana.  (B.  P.),  45-90  mins,  •*' 

The  oleoresin  (TJ.  8.  P.)  and  the  liquid  extract  (B.  P.)  are  practically  iden- 
tical in  composition. 

Tbervmtic  Ums, — Male  fern  is  used  exclusively  in  the  treatment  of 
tapeworm  and  of  Anchvlost"""'"  i1nr^'^°i°  Previous  to  its  admin- 
istration  the  bowel  ought  to  be  emptied,  as  far  as  possible,  by  a  mod- 
erately light  diet  for  one  or  two  days  and,  where  necessary,  by  a 
purgative.  The  oleoresin,  or  liquid  extract,  is  then  to  be  administered 
in  l£e  form  of  pills  or  enclosed  in  a  capsule  or  suspended  in  mucilage, 
and  another  purgative  ia  required  some  6—12  hours  later.  In  case 
the  parasite  fails  to  be  dislodged,  several  days  ought  to  be  allowed  to 
elapse  before  a  second  dose  is  given.  Poulsson  recommends  that  oily 
Bubetances  be  avoided  during  the  "  cure,"  as  they  dissolve  the  active 
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lK>dies,  and  thua  promote  their  abBorption.  Other  authorities  dispute 
this  view  and  some  consider  that  oils  in  dissolving  the  active  princi- 
ples render  them  more  poisonoua  to  the  parasites,  but  it  is  certainly 
suggestive  that  in  many  cases  of  poisoning  with  male  fern  castor  oil 
bad  been  given  along  with  it  or  soon  after.  Marked  aniemia,  general 
■debility  and  chronic  alcoholism  seem  to  predispose  to  mEde-fem 
I  poisoning,  and  the  drug  is  accordingly  to  be  used  with  care  in  these 
conditions. 
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Cusso,  or  Konsso,  contains  a  neutral  body,  Eoaotomflj  which  is  sol- 
uble in  alcohol  and  in  alkaline  fluids,  bnt  is  insolUble  in  water;  it  is 
a  compound  of  phloroglucin  and  butyric  acid  like  the  constituents  of 
male  fern,  which  it  resembles  aomawhat  in  its  pharmacological  action. 

Cusso  has  a  bitter,  somewhat  ft«ffHTgWTWH]in|f^'Tn]  wftmetimes  causes 
nausea  and  vomiting  itnt\  anmn  looHpness  of  the  bowela.  In  rare  cases 
prostration  and  collapse,  with  irregularity  of  the  pulse,  are  said  to 
have  occurred  from  its  use. 

In  the  fn^,  kosotoxin  paralyies  the  nerve  ends  like  cnrara,  and  hu  a 
specific  action  on  tiic  striped  muscular  tissue,  which  it  weakens  and  eventaallj 
paralyzes.  The  heart  muscle  undergoes  similar  changes.  In  mammals  the 
muscular  action  is  well  developed,  but  is  accompanied  by  some  stimalation  of 
the  medullary  centres,  indicated  fay  rapid,  dyspnoeic  breathing,  salivation  and 
vomiting.  The  stools  are  often  fluid,  and  the  urine  is  increased  in  amount. 
When  it  is  injected  directly  into  the  circulation,  some  convulsive  movements 
are  often  observed,  and  the  heart  is  weakened  and  paralyzed.  Kosotoxin 
seems  to  fae  h  puppml  pTglUrf*?"'  P"'"""-  as  is  indicated  by  its  action  on 
muscle,  and  fay  its  retarding  the  growtn  of  yeast. 

Fbefabatioits. 
Onsso  [U.  S.  P.,  B.  P.)  (Kousso  or  Brayera),  the  female  inflorescence  of 
Hagenia  Abyssinica  (Brayera  anthelmintiea). 
,    I        Cusso  is  generally  given  by  suspending  15  G.  (^  oz.)  of  the  powdered 
tS^*  V^  I  flowers  in  water.    Eosotoxin  has  not  yet  been  prescribed  for  therapeutio 
l^^1EleL     purposes.     The  nsual  preliminary  treabnent  ou^t  to  be  institnted,  bnt  no 
purge  is  required  after  Cusso  as  a  general  mle. 

Tltarapantic  TTses. — Cusso  is  used  ezduaively  as  an  anthelmintic  in 
1^  cases  of  tapeworm. 
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Oranattim, 

The  bark  of  the  pomggEaiuite  ffnntniTia  a  very  large  amoi^iit  nf  tannin 
acid  (20-25  per  cent.1.  along  with  several  alkaloids,  o^  whicb  i'elle- 
ttenne,  or  Funicine,  and  Isopunicine  alone  are  active  in  ordinary 
doses.  All  the  pomegranate  alkaloids  are  closely  related  chemically 
to  each  other  and  to  tropine  (see  atropine).  None  of  them  can  be 
classed  among  the  more  active  poisons  as  far  as  man  and  the  hi^er 
animals  are  concerned. 

Injnan^  lar^  Hnsna  naiigg  bpflvinesa.  confusion,  giddiness  and  very 
marked  weakness _of  the  limbs.     The  eonsciouaness  is  but  little  affected, 


ile^ight  is  often  dim  and  uncertain,  and  in  one  case  complete 
blindness  persisted  for  several  days.  Occasionally  nausea  and  dis- 
comfort in  the  abdomen  are  complained  of,  and  more  rarely  vomiting, 
tremors  and  cramps  of  the  leg  muscles  are  produced;  the  gastric 
symptoms  are  perhaps  due  to  the  large  quantity  of  tannic  acid  in  the 
drug  rather  than  to  die  alkaloids. 

In  the  frog  and  in  most  mammals,  pelletierine  causes  a  distinct  increase  in 
the  reflex  irritability  of  the  spinal  cord  and  medulla  oblongata,  along  vith 
some  depressioir  of  the  higher  divisions  of  the  central  nervous  system.  Very 
lai^  doses  weaken  or  paralyze- the  conductivity  of  the  nerve  plat«B  in  the 
frog,  like  curara.  The  heart  muscle  is  also  acted  on  and  its  pulsations  bi« 
slowed  in  the  frog,  although  they  may  be  temporarily  augmented  in  force. 

Pelletierine  and  isopunicine  have  a  specific  action  on  tapeworms, 
for  Schroeder  found  that  a  solution  of  one  part  in  10,000  waa  suffi- 
cient to  kill  them  in  ten  minutes,  while  s  stronger  solution  had  prac- 
tically no  effect  upon  other  intestinal  worms. 

Pbbpabations. 

Gruiatam  (U.  S.  P.),  Oranati  Cortex  (B.  P.),  Pomegranate  bark,  the 
bark  of  the  stem  and  root  of  Pnnica  Oranatttm. 

Deeoclum  Granati  Corticia  (B.  P.),  %-2  fl.  oz. 

Fluidextractum  Granati  (XJ.  8.  P.),  2  c.c.  (30  mine.). 

PeRelierinis  Tatmas  (U.  S.  P.)i  a  mixture  in  varying  proportions  of  the 
tannates  of  four  alkaloids  (punicine,  isopunicine,  methylpunicine  and  peendo- 
pnnicine),  obtained  from  the  pomegranate.    Dose,  0.25  G.  (4  grs.). 

Qranaturo  ia  ua-H  hr  a  deeontjoTi  fonned  of  30-60  G.  (1-2  oz.)  in  250  c.c.  of 
water  (%  pt.),  to  be  taken  in  two' parts,  at  an  intemd  of  one  hour.  Tbe  bark 
ought  to  be  as  fresh  as  possible,  as  the  alkaloids  decompose  on  keeping.  The 
presence  of  large  quantities  of  tannic  acid  readers  the  decoction  very  on- 
pleaaant  to  tbe  taste,  and  flavoring  substances  are  therefore  generally  pre* 
scribed  with  it;  or  pelletierine  tannate  may  be  ordered. 

Therapentic  Uses. — Granatum  is  used  exclusively  as  an  anthelmintic. 
The  preliminary  treatment  is  the  same  as  that  given  under  aspidium, 
and  a  purge  ought  to  be  given  i-2  hours  after  the  decoction. 
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JB  a  reddish-brown  powder  which  cooBiBta  of  the  minnte  glands  and 

hairs  obtained  from  the  surface  of  the  fruits  of  Mallotns  Philippensia.    It 

contains  two  or  more  sabstances  which  have  been  termed  Kamtiine,  Rottlerin 

.^Vi        ^^  MdUotoxin,  and  which  are  probably  neutral  bodies  like  kosotoidn,  but  it  is 

yi^lunHK      j^Qi  known  which  of  these  is  the  active  constituent.    ItflTTiaJa  is  used  in  eases 

/j^  jidx  of  tapeworm  in  doses  of  2-8  G.  (30  grs.-^  oz.)  suspended  in  water.    It  acts 

Q^*  tpj^lQi'^  i^  intestinal  irritant,  causing  purging  and,  more  rarely,  nausea  and  vomit' 

^f^  ing.    No  purge  is  necessary,  therefore,  after  the  powder.    An  alcoholic  tine* 

VvM^  ture  of  kamala  has  been  found  quite  as  efficient  as  the  powder. 

Fepo  (pumpkin  seed]  contains  a  fixed  oil  and  resin,  and  the  latt«r  eeems 
to  have  considerable  power  as  an  anthelmintic,  although  this  is  disputed  by 
some  authorities.  No  symptoms  are  produced  by  very  large  quantities  of 
the  powdered  seeds. 

Pepo  (U.  S.  P.),  the  seed  of  Cocnrbita  pcpo,  PumpkiD  seed,  is  generally 
administered  in  doses  of  60-120  O.  (2-4  oz.),  the  powdered  seed  being  sus- 
pended in  an  emulsion  or  in  sugar  or  honey.  Pumpkin  seed  has  no  laxa- 
tive efl!ect  and  its  administration  is,  therefore,  to  be  followed  by  a  pni^. 
The  resin  has  been  used  with  good  effects  in  some  cases. 

Aroca  Nnt,  the  seeds  of  the  palm  Areca  Catechu,  is  used  in  veterinary 
medicine  as  a  remedy  in  tapeworm.  It  contains  a  fiuid  alkaloid  arecoline 
(C^,NO,),  which  acts  like  pOocarpine  when  given  in  large  doses.  In  addi- 
tion, it  contains  several  inactive  alkaloids  and  tannic  acid. 

Santonin. 

Santonin  (CigHj^Os)  is  an  anhydride  or  lactone  of  santonintc  acid, 
which  IB  form^  from  it  by  the  action  of  alkalies,  and  is  a  derivative 
ofjapbtelcne.  It  occurs  in  Artemisia  pauciflora  along  with  a  nearly 
related  body  (artemisin)  and  a  volatile  oil  (eineol).  Santonin  is 
very  insoluble  in  water,  but  is  dissolved  by  alkalies,  with  which  it 
forms  santoninates. 

Action. — Owing  to  its  insolubility  in  water,  santonin  has  only  a 
sli^tly  bitter  taste  in  the  mouth.  It  is  partially  dissolved  in  the 
stomach  and  absorbed,  but  enough  passes  into  the  bowel  to  eifect  the 
removal  of  some  forms  of  intestinal  worms.  Under  special  conditions 
it  is  possible  that  the  ^;eal&c- part  of  the  santonin  may  be  absorbed  in 
the  lxtwd..Jiowever.  and  )^ne.ral  TK)iB(>piTig  rpanlta  nritTifmt  the  para- 
sites  bei^  affected.  A  certain  amount  ofabsorption  ocoura  in  every 
«ase,  as  is  shown  by  the  disorders  of  color  vision  and  by  the  yellow 
cotflfftttfta  of  the  urine.  At  first  objects  appear  of  a  bluish  color  to 
the  patient,  but  tnis  aberration  is  of  comparatively  short  duration  and 
may  in  fact  pass  unnoticed.  It  is  followed  by  a  much  longer  period  of 
"■^llow  sight"  or  xanthopsia,  during  which  objects  that  are  brightly 
illuminated  seem  to  have  a  yellow  tinge,  blue  seems  green,  and  violet 
is  indistinct,  although  in  dimmer  lights  the  violet  may  still  predomi- 
nate. In  severe  poisoning  the  appreciation  of  the  darker  colors  be- 
comes very  imperfect,  and  violet  and  even  blue  may  fail  to  be  distin- 
guished from  black.  In  general  the  violet  end  of  the  spectrum  is 
shortened,  while  the  yellow  impresses  the  retina  more  vividly  than 
normally.  Sometime  "  hallucinations  "  of  vision  are  said  to  occnr 
under  santonin,  although  these  seem  to  be  unimportant;  thus  one 
observer  saw  green  globes  on  a  violet  background  whenever  he  doeed 
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bis  eyes.  These  aberrations  of  sigbt  are  the  most  generally  observed 
symptoms  produced  by  santonin,  but  in  some  cases  the  senses  of  taste 
and  amell,  and  more  rarely  the  bearing,  are  also  deranged.  These 
symptoms  all  pass  off  in  the  course  of  a  few  hours,  a  second  stage  of 
"violet  sight"  occasionally  intervening  before  complete  recovery. 

The  symptoms  produced  by  the  absorption  of  large  quantities  of 
santonin  are  so  uniform  in  man  and  the  other  mammals  tnat  it  is  sutn- 
cient  to  enumerate  those  observed  in  experiments  on  the  dog.  The 
first  distinct  effects  are  generally  t;witfiliip(r  nf  tho  muscles  of  the 
head,  frequently  beginning  on  one  side.  These  are  followed  bv  rojl- 
igg^f  the  eyes,  grinding  of  tbe  teeth,  flexion  and  extension  of  the 
ne^and  rotation  ot  tbe  bead  trom  aide  to  aide,  later  by  regular 
epileptiform  convulsions  in  which  the  animal  is  first  thrown  into 
opJB  that jijios-^d  ~th  an  into  clonic  spasma  of  the  limbs  and  trunk. 
These  are  interrupted  by  intervals  oi  repose  during  which  a  curious 
momentary  contraction  of  all  the  muscles  of  the  body  ia  often  noticed. 
During  the  convulsive  seizures  the  respiration  is  irregular  and  inauffi-m 
cient,  and  in  fatal  cases  it  faila  to  return  after  the  craivulsion  paasesj 
off,  and  the  animal  dies  of  asphyxia.  .  In  man,  some  confusion,  nausea 
and  vomiting^occasionaUy  occur  after  quantities  whick  are  too  small  to 
produce  convulsions,  and  in  several  cases  aphasia  has  been  observed. 
In  frc^,  convulsions  are  produced  by  aantonin  as  in  mammals,  but 
they  are  preceded  by  a  prolonged  stage  of  depression,  which  is  entirely 
abs^t  in  the  higher  animals. 

These  symptoms  manifestly  gointto  changes  Jn  the  oentT?]  Tiprvmia 
flTBtem.  The  xanthopsia-  ia  generalJyreferred  to  a  specific  action  on 
tos  retina,  thoudt  some  hold  that  the  central  apparatus  of  vision  in 
the  brain  is  the  seat  of  the  action.'  The  condition  has  been  ascribed 
to  a^preliminary  stimulation  and  subsequent  depression  of  the  sense 
organs  for  the  perception  of  the  violet  and  eventually  of  the  blue  rays 
of  the  spectrum,  or  more  precisely  to  some  obstruction  to  the  regener- 
ation of  the  sulratance  in  the  retina  which  normally  appreciates  violet 
rays  (Filehne).  The  clonic  nature  of  the  convulsions  at  once  points 
to  an  affection  of  the  brain  rather  than  of  the  cord,  but  some  dis- 
cussion has  arisen  as  to  how  far  the  cortical  areas  are  involved  and 
how  far  the  symptoms  may  be  explained  by  stimulation  of  the  basal 
ganglia.  The  latest  investigators  have  come  to  the  conclusion  that 
the  ftpileptiform  oonvulBJons  are  due  for  the  main  part  to  the  stimu- 
lation of  the  cortex,  while  the  sudden  contractions  observed  in  the 
intervals  of  repose  are  ascribed  to  increased  activity  of  the  parts  lying 
between  the  cerebral  peduncles  and  the  medulla  oblongata.  The  gray 
matter  of  this  division  of  the  central  nervous  system  also  seems  in- 
volved in  the  donio  movements,  although  these  are  only  elicited  in 
their  full  strength  through  action  on  the  cerebral  cortex  (Kramer). 

Although  these  parts  of  the  central  nervous  system  are  the  most 
susceptible  to  the  action  of  santonin,  large  quantities  also  affect  the 
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cord  after  division  of  the  medulla  oblongata  and  produce  tonic  con- 
vulsions resembling  those  seen  in  strychnine  poisoning. 
I  The  medullary  centres  seem  to  be  comparatively  little  affected  by 
Isantonin,  the  respiration  being  interfered  with  during  the  spaamSjbut 
I  returning  to  its  ordinary  rate  and  strength  during  the  intervals.  The 
circulation  is  altered  only  by  the  asphyxia,  and  the  heart  continues  to 
»eat  long  after  the  respiration  haa  ceased. 

Santonin  undergoes  some  oxidation  in  the  tissues  and  is  excreted  in 
the  feeces  and  urine  in  several  forms,  two  of  which  have  been  exam- 
ined by  Jaffe  and  found  to  be  oxysantonins.  The  urine  and  some- 
times the  fteces  have  a  deep  yellow  color,  which  changes  to  red  or 
purple  when  alkalies  are  added,  \  aimilai*  rf^ap.tinD  ia  obtained  from 
^ft  iirJTifl  aftftr  the  administration  of  chryaophanic  acid,  as  in  rhubarb 
orjOTjia^nd  a  number  ol  reactions  are  given  to  distinguish  between 
these  two  pigments,  which,  however,  it  can  scarcely  be  necessary  to  do 
frequently.' 

■Sactofiin  i8.tiaiyergally  us^  as^  reaadJLjEpr Jlig  rpmid.gQrai. 
Ascans  lumbricoides,  and  most  clinicians  believe  that  it  has  a  specific 
poisonous  action  on  these  animals,  and  that  its  undoubted  effects  are 
due  to  its  killing  them.  In  experiments  on  the  entozoa  outside  the 
body,  however,  von  Schroeder  found  that  santonin  solutions  were  by 
no  means  fat^  to  them,  and  he  explains  their  therapeutic  effects  by 
supposing  that  santonin  renders  the  intestine  so  unpleasant  an  abode 
for  the  parasites  that  they  migrate  from  it  voluntarily  into  the  large 
bowel,  and  are  carried  out  by  the  purgative.  The  worms  are  often 
found  in  active- movement  when  passed  after  santonin,  although  thia 
movement  ceases  very  soon  afterward  from  the  exposure  to  cold. 

The  alkaline  salts  of  santoninie  acid  act  in  precisely  the  same  way  as 
santonin  itself,  but  are  less  suitable  as  anthelmintics,  owing  to  their  greater 
solubility  and  rapid  absorption. 

Preparations. 

Santonihum  (U,  S.  p.,  B.  P.),  C„HuO„  a  neutral  principle  derived  from 

Artemisia  pauciflora,  is  colorle^  when  freshly  prepared,  but  assumes  a  yellow 

n\  —  |Q| color  when  exposed  to  the  light.     This  does  not  seem  to  impair  its  activity 

*  ,.     .  (^  materially,  but  it  ie  preferable  to  avoid  it  by  fceeping  santonin  in  amber- 

»^  n-"    "r  colored  vials.    Dose,  0.03^)J  Q.  (Vz-I  grs.). 

Trochisci  Santonint,  each  containing  0.03  G.  {^4  gr.)  of  santMun,  U.  S. 
't^      P. ;  daen  ASBlaWllfe  l  gr.,  b.  p. — "         — — — — J,UfriJit 

Therapeutic  tTses. — Santonin  is  used  almost  exclusively  to  remove 
AscarJH  lnTn>"'''f|i[1m  f"rm  the  intestine.  It  is  much  less  effective 
against  tapeworm  or  other  intestinal  parasites.  The  lozenges  are 
generally  prescribed,  one  for  children,  two  for  adults,  U.  S.  P.,  while 
the  dose  of  the  B.  P.  lozenge  is  one  for  an  adult.     Lewin  recommends 

'  Thus  the  red  of  ehryeopfaaiiic  acid  is  pennaneiit,  while  that  of  the  nntonio 
pigment  fadee  after  a  time,  and  redaeing  agents,  meh  ae  zinc,  remove  the  formei, 
and  not  the  latter,  while  bariani  and  caleiom  precipitate  the  chryBophanie  and  not 
the  santonin  pigment. 
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the  adminiBtration  of  santonin  in  oily  solutions,  especially  in  castor 
oil,  as  less  is  absorbed  from  the  stomach  than  when  it  is  prescribed  in 
other  ways.  The  bowel  ought  to  be  emptied  by  suitable  diet  and  a 
laxative  before  the  santonin  is  administered,  and  a  sharp  purge  ought 
to  be  ^ven  2-4Jiflar3  afterwards  in  order  to  bring  away  the  entozoa. 

Santonin  hasbeeu  advisecl  m  BOme  TetlUfll  diseases,  but  the  results 
have  generally  been  unsatisfactory, 

Polaoning,— In  cases  of  poisoning,  the  stomach  and  bowel  ought  to 
be  evacuated  as  rapidly  as  possible  by  the  use  of  emetics  or  of  the 
stomach  tube,  and  of  purgatives  or  enema.  The  convulsions  may  be 
controlled  by  the  use  of  chloroform  or  ether.  The  xafiihopfiia  requires 
no  treatment,  and  is  not  to  be  regarded  as  heralding  any  dangerous 
developments,  as  it  occurs  to  some  degree  in  the  pT-eat  maioritv  nf  <^.Bses 
in  which  santonin  is  administered. 
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Spiorha. 

Another  remedy  need  in  eases  of  round  worm  is  pink  root,  Spigelia  mari- 
tima,  the  active  principle  of  which  is  unknown,  althongh  an  alkaloid,  apige- 
line,  is  said  to  occnr  in  it.  Occasional  cases  of  poisoning  have  been  observed, 
eapeciallj  in  children,  the  aymptoms  consisting  in  flushing  and  dryness  of  the 
skin,  often  with  some  radematous  swelling  of  the  face,  delirium  and  sopor 
followed  by  itimmiM  of  sight  or  temporary  blindneBS.  Id  frogs  spigelia 
appears  to  depress  the  hrain  and  spinal  cord,  and  the  heart  beats  more 
slow^  and  weakly,  while  in  rabbits  the  most  prominent  symptoms  arise  . 
from  the  breathing,  which  becomes  slow  and  labored  and  finajly  ceases  in  a 
convulsive  attack.  In  the  dog  and  cat  its  injection  is  followed  by  vomiting, 
great  weakness  and  incoordination  of  the  movements,  restlessness,  rapid 
dyspnmie  respiration  and  finally  by  stupor,  coma  and  death  from  failure 
of  the  respiratory  centre. 

Spigelia  (U.  S.  P.),  the  rhisome  and  roots  of  Spigelia  marilandica. 

Fluidextractum  Spigelia  (U.  S.  P.),  4^-8  c.e.  (1-2  fl.  drs.). 

The  fluidcTtract  is  used  to  remove  ronnd  worms,  which  it  seems  to  effect  in 
very  much  the  same  way  as  santonin.  It  ought  to  be  preceded  and  followed 
by  a  purge. 

One  of  the  volatile  oil  series  which  is  frequently  used  as  an  anthelmintic  is 
that  obtained  from  Obenopodium  ambrosioides  or  American  worm-seed. 

Olevm  OhenopodU  (U.  S.  P.),  0.2-0.3  e.c.  (3-6  mins.).  The  oil  is  admin- 
istered on  sugar  or  in  an  emulsion.  ^ 
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PART  11. 

ORGANIC  SUBSTANCES  CHARACTERIZED 

CHIEFLY  BY  THEIR  ACTION  AFTER 

ABSORPTION. 

L    NAKOOTIOS  OF  THE  METHANE  SERIES. 
ALOOHOL-OHLOBOFOBH  OBOUP. 

A  I.ABOE  nomber  of  the  derivatives  of  the  methane  series  are  char- 
acterized by  the  production  of  depression  of  the  ceotral  nervogs  systenij 
Ttinrft  nappoinllv.  of  the  cerebriim.  and  some  of  them  are  perhaps  the 
most  extensively  employed  of  all  drugs.  With  the  exception  of  alcohd, 
which  has  been  known  since  prehistoric  times,  the  use  of  the  members 
of  this  aeries  scarcely  extends  over  more  than  half  a  century. 

From  the  large  number  of  substances  belonging  to  this  division  of 
organic  chemistry  which  are  possessed  of  narcotic  powers,  it  would 
seem  that  the  combination  of  carbon  and  hydrogen  in  the  form  char- 
acteristic of  this  series  is  possessed  of  a  special  relation  to  the  proto- 
plasm of  the  nerve  cells,  or  in  other  words,  carbon  radicles  combined 
ir^  /^pa«  ^l.»:.,  fnrm  nrft  poRHPattfj^  ofapwjfip  HpJTrpBBant:  jnwarH.  As 
a  general  rule  the  pp-pater  ths  niimbpr  of  these  radiclea  contained  in 
the  chain,  the  more  powerful  the  action,  provided  the  subatancela  nOt" 
eh^ge.d.ffl3 ll^^d■'becomeTncapable  of  abaorplion.  "^US,"!!!  the  alcohol 
series  a  regularly  ascending  scale  oTfoxieiTy  is  met,  commencing  with  t 
methyl  and  ethyl  and  passing  through  propyl,  butyl  and  amyl  alcohols,  j 
of  which  each  succeeding  member  is  more  poisonous  than  its  prede-  j 
cessor.  The  later  members  of  the  series,  however,  become  less  soluble  I 
in  the  body  fluids,  are  legs  easily  absorbed,  and  therefore  less  toxic. 

A  very  interesting  hypothesis  hag  recently  been  suggested  by  Meyer' 
and  Overton*  to  explain  why  so  many  of  the  bodies  of  this  series  act 
as  narcotics,  PrHPtinq]]y  ^V  f>f  t^ipni  nTp  miTP  fioluble. in  lecithin  and 
choleaterin  than  in  water  and  accordingly  when  they  reach  the~EIob3 
they  tend  "to  furrnnnlntf  in  thn  "it>-f  f^ll-^^  which  are  rich  in  choles- 
terin  and  lecithin.  Here  they  may  be  supposed  to  dissolve  partially 
these  constituents,  or,  at  any  rate,  to  change  their  relations  to  the  rest 
of  the  nerve  cells  and  this  derangement  of  their  normal  condition  leads 
to  impairment  of  the  function  of  these  cells,  or^arcoais.  But  many 
other  substances  (e.  g.,  many  of  the  benzol  derivatives)  possess  these 
physical  properties  equally  with  the  members  of  the  methane  series^ 

'Areb.  1.  exp.  Path.  n.  Phann.,  xllL,  p.  109,  aod  zlvi.,  p.  33S. 
■StudisD   n.   d.  Narkow.    Jena,  ISOl.    Ootttieb.    Ergeb.   d.   Phjiiol.,  i.,   9, 
p.  666. 
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8nd  jet  induce  no  narcosis  proper,  so  that  though  the  physical  char- 
acters of  these  drugs  may  probably  be  important  factors  in  their  action, 
they  cannot  be  held  to  determine  it  solely.  It  seems  likely,  therefore, 
that  their  solubility  in  the  lipoids  enables  the  bodies  of  the  methane 
series  to  penetrate  into  the  nerve  cells,  and  that  there  they  exercise 
some  influence  which  is  not  directly  due  to  this  factor  of  solubility. 
The  derivatives  of  the  benzol  series  which  resemble  them  in  their 
I  solubilities  also  penetrate  in  the  same  way  presumably,  but  fail  to  act 
I  in  the  same  way  after  reaching  the  interior.  Changes  in  the  mole- 
cule of  methane  derivatives  may  deprive  them  of  their  depressant 
action  by  preventing  their  penetration  into  the  cell.  Thus  the  pre- 
sence of  an  acid  radicle  in  the  molecule  renders  it  more  soluble  in  the 
fluids  surrounding  the  cell  than  in  the  cell  lipoids  and  prevents  its 
penetration,  and  propionic  acid  (CH^ — CHj^OOH)  has  therefore 
no  narcotic  action,  while  both  propyl  alcohol  (CH, — CH^ — CHjOH) 
and  ethyl  alcohol  (CHjCHjOH)  are  depresBants  to  the  centred  ner- 
vous system.  In  the  same  way,  glycol  (CHjOH — CHjOH)  is  much 
less  active  than  ethyl  alcohol  (CHg — CHjOH),  because  with  the  in- 
crease in  hydroxy!  groups  the  solubility  in  lipoids  decreases  and  that 
in  water  increases  and  there  is  thus  less  tendency  for  the  molecule  to 
leave  the  lymph  for  the  interior  of  the  cell;  a  still  more  striking 
example  of  this  is  seen  in  glycerine,  in  which  there  are  three  hydroxyl 
radicles  and  which  is  devoid  of  narcotic  properties. 

It  is  impossible  to  enumerate  here  all  the  substances  of  this  aeries 
which  possess  more  or  less  depressant  action  on  the  nerve  centres.  A 
very  large  number  of  them  have  been  the  subject  of  investigation,  hut 
only  a  few  of  them  have  become  established  remedies. 

Amon^  tbe  hydrocarbons  the  fifth,  Psntane,  and  the  eighth,  Octane,  have 
been  proposed  as  anesthetics  for  short  operations,  bat  have  never  received 
an  extensive  trial.  Some  of  the  vTUalurated  hydrocarbotts  have  also  been 
suggested,  such  as  AmylniB,  which  was  introduced  hy  Snow,  but  was  found 
to  vary  exceedingly  in  its  properties,  and  proved  to  be  a  mixture  of  several 
isomers.  One  of  these  has  been  used  for  short  operations  under  the  nanM  of 
Pental  ((CH,),  =  C  =  CH  — CH,).  Another  unsaturated  hydrocarbon 
which  has  been  shown  to  possess  narcotic  properties  is  Acetylene,  but  its 
aetion  on  the  heart  is  said  to  preclude  its  use  in  practical  therapeutics. 

Among  the  alcohoh,  Ethyl  alptll"^  ff^jH^TTO^  stands  preeminent  from  its 
extendve  use  in  therapeutics  .as  well  as  from  its  importance  in  ^ietetics  and 
as  »  pniwiii.  Other  alcohols  have  been  found  to  resemble  it  in  action,  But  the 
only  one  that  has  been  introduced  into  therapeutics  is  Amylens  hydrate,  or 
tertiary  isoamyl  alcohol  ((GH,),C(OH]CH,CH,),  which  has  been  recom- 
mended as  a  hypnotic. 

The  ethers  contain  one  very  important  member  in  £tbyl  ether  ( (C^),0), 
which  is  perhaps  the  best  anesthetic  in  use. 

Tbe  aldehydes  possess  narcotic  properties,  but  ordinarily  are  irritant  and 
of  disagreeable  odor,  so  that  they  have  not  been  used  as  narcotics.  Par- 
aldehyde (C,H„0,),  a  polymer  of  ordinary  aldehyde,  is,  however,  one  of  the 
newer  hypnotics.  Several  derivatives  of  the  aldehydes  have  been  introduced, 
such  as  Methylal  (HCH(OCH,),)  and  Acetal  (CH,CII(OC,II.),),  Another 
important  aldehyde  derivative  is  Snlphonal  ((CH,],C(S0,C3J.)i  which  haa 
received  considerable  attention  of  late  years  as  a  hypnotic.     Two  analc^ua 
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compounds,  Trional  and  Tetroiutl,  in  the  first  of  which  one,  ia  the  second 
both  methyl  gronps  are  replaced  by  ethyl,  are  said  to  be  more  powerful  than 
Bulphonal. 

The  only  member  of  the  ketonet  which  has  received  att«ntion  at  the  hands 
of  therapeatistB,  b  Hypnone  (CACOCE,),  which  has  been  used  as  a  hyp- 
notic. 

The  eaten,  or  ethereal  sdUs,  have  been  but  little  used  as  depressants,  and 
seem  to  be  mach  weaker  in  action  than  the  corresponding  ethers.'  Some  ot 
them,  as  amyl  nitrita,  owe  their  nae  not  to  the  action  of  the  alkyl  radicle,  bat 
to  the  acid  with  which  it  is  compounded,  and  are  therefore  included  in 
another  group.  One  ester  which  has  been  used  as  a  narcotic  in  therapeutics, 
and  to  a  much  greater  extent  in  animal  experiments,  is  Urethmne,  the  ethyl 
eeter  of  carfoamic  acid  (CO{NH,)(OC^,)).  Analogous  compounds  recently 
recommended  as  hypnotics  are  Hedonal  (CO(NH,)(OC,Hu)),  the  car- 
bamic  est«r  of  tertiary  amyl  alcohol.  Veronal,  or  diethylmalonylurea 
((C^),C(CONH),CO),  and  Henronal,  or  bromdiethylaeetamide  {(C^), 
BrCCONH,). 

The  acids  of  the  methane  series  posseas  little  narcotic  action  as  a  general 
mle,  and  have  not  been  used  in  therapeutics  for  this  purpose,  thoi^h  butyric 
aeid  is  said  to  have  distinctly  depressant  effects  on  the  central  nervons 
^rstem.  When  hydrogen  atoms  of  these  acids  are  replaced  by  chlorine  or 
bromine,  they  acquire  a  much  stronger  action;  thus  acetic  acid  is  practically 
devoid  of  narcotic  action,  while  some  of  the  chloraeetic  and  bromacetic  acids 
are  narcotic.  But  their  eflecte  on  the  other  organs  of  the  body  preclude  their 
use  in  therapeutics.* 

Some  of  the  moet  important  members  of  this  series  are  ^jlmrnw  m^istUutum 
products,  formed  by  replacing  one  or  more  atoms  of  hydrogen  in  ti^  smipler 
sStStaBces  of  the  ^tty  series  by  chlorine.  This  substitution  often  increases 
the  narcotic  power  to  a  very  great  extent:  methane  (CH,)  is  practically 
not  depressant,  but  if  one,  two,  or  three  of  the  hydrogen  atoms  in  the  molecule 
be  substituted  by  chlorine,  forming  CH,C1,  CH,C1^  and  CHC1„  the  narcotic 
power  increases  with  each  CI  added.  The  best  known  of  these  is  OUoQifoiiB- — 
(jfflC3J,  which  is  the  most  powerful  anrasthetic  in  use.  The  analogous  com- 
poS^T  Ethylsns  OUorids  (CH,a  — CH,C1)  and  Ethylldlne  (Ailorltle 
(CH,— CHCT,),  have  fallen  into  disnse,  but  ethvl  chloride  ^CC J.Cl)  has 
recently  been  recommended  for  short  operations.  Another  important  sub- 
stitution product  is  Ohloral,  or  chloral  hydrate  {CC1,CH(0H),),  which  is  the 
hydrate  of  trichloraldehyde  (CC1,CH0).  An  analogous  compound  is  Butyl 
dilonJ,  or  Oroton  chloral  (C,H,C1,CH(0H),).  Chlorstone  or  Aneaon 
(tricblorpsendobutylalcohol,  CC1,C{CH,),0H)  and  laopral  (tricMorisopropyl- 
aleohol,  CC1,CH0HCH,)  have  recently  been  recommended  as  hypnotics. 

Several  compounds  of  ehloral  have  been  introduced  into  therapeutics,  such 
as  Oblondainide  (CC1,CH0H  —  NHCHO),  which  is  a  combination  of  chloral 
with  formamide,  and  OhloraloBe  (C^„C1,0,),  a  compound  of  chloral  and 
grape  sugar. 

It  has  already  been  mentioned  that  the  substitution  of  chlorine  for  hydro- 
gen in  the  acids  endows  them  with  a  narcotic  effect  Another  example  of 
the  alteration  of  the  properties  of  a  substance  by  the  substitution  of  chlorine 
for  hydrogen  is  offered  by  glycerine,  which  in  itself  inert,  becomes  depressant 
to  the  central  nervona  system  when  its  hydroxyl  radicles  are  replaced  by 
ehlorine.' 

*  VogO,  Pflager'i  Areh.,  livii.,  p.  141. 

'Uojfer,  Areb.  1.  exp.  Path.  u.  Pharm.,  xxi.  pp.  97,  IIB.  PolU,  ibid.,  xxiv., 
p.  US. 

'JfarjhoII  and  Beath,  Jonm.  of  Pliynol.,  txH.,  p.  38,  and  Kionlca,  Arch,  in- 
temat.  da  PIianiiaeodTii,,  vii.,  p.  476,  give  a  rismnfi  of  the  relation  of  the  ehlortne 
aabstitittafl  to  the  aimple  methane  derivatives. 
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Borne  attempt  has  been  made  to  introdace  bromine  instead  of  chlorine  into 
the  methane  derivatiTes,  because  bromides  are  central  nervoiiB  depressant^ 
and  it  was  hoped  that  a  combination  of  the  methane  and  the  bromide  etFects 
could  be  thus  obtained.  But,  aa  will  be  explained,  the  bromides  owe  their 
itction  to  the  bromide  ion,  which  is  not  present  in  these  organic  componnds. 
Ethyl  bromids  (O^.Br]  has  been  used  as  an  anssthetic,  and  Biomoform 
(CHBr,)  as  a  narcotic,  but  only  to  a  limited  extent.  The  analogous  com- 
pounds formed  with  iodine  possess  a  powerful  action  which  is  different  from 
that  of  the  other  methane  derivatives,  and  which  precludes  their  use  as  nar- 
cotics.    (See  Iodoform.) 

The  augmented  effect  of  these  halogen  substitution  derivatives  has  been 
explained  by  reference  to  a  supposed  depressant  effect  of  chlorine  and  bro- 
mine upon  the  brain.  But  even  though  this  were  proved  to  be  the  case,  it 
would  not  elucidate  the  matter,  for  chlorine  b  not  set  at  liberty  in  the 
tissues  when  chloroform  is  inhaled,  the  molecule  acting  as  a  whole. 

The  chlorine  and  bromine  derivatives  of  methane  are  not  only  more  power- 
fnl  drags,  but  also  more  powerful  poisons  than  the  ordinary  compoonds:' 
much  less  chloroform  is  required  to  annsthetize  than  methane,  but  much 
less  is  required  to  kill.  In  addition,  these  compounds,  especially  those  con- 
taining chlorine,  seem  to  have  a  more  powerful  action  on  the  heart  and  cir- 
culation and  on  the  metabolism  than  the  others.  In  other  words,  the  chlorine 
bodies  have  a  wider  field  of  activity  and  are  more  nearly  generaJ  protoplasm 
poiBona.     (See  Chloroform.) 

Uany  methane  compounds  are  not  narcotic  because  they  contain  mora 
active  radicles.  Thus  ethane  (CJI,)  is  a  member  of  the  narcotic  series,  but 
ethyl  nitrite  (C^O  — NO)  cannot  be  classed  with  it,  because  the —0 —NO 
group  has  a  very  powerful  and  entirely  different  effect;  very  small  quantities 
of  ethyl  nitrite  aro  required  to  produce  the  nitrite  effect,  so  that  the  depressant 
action  is  pushed  into  the  background.  Members  of  the  methane  series  often 
lose  their  depressant  action  when  combined  with  nitrogen  so  as  to  form  sab- 
stituted  ammonia.  Thus  trimethylamine  (N(CH,),)  has  no  depressant  action, 
although  each  of  the  methyl  radicles  alone  would  possess  it.  Again,  the  sub- 
stitution of  a  member  of  the  aromatic  series  for  one  of  the  fatty  Substances 
sometimes  changes  the  action  from  that  characteristic  of  the  alcobol-ebloro- 
form  group  to  that  of  the  benzol  aeries.  For  example,  ether  (C,H,  —  0 
—  C^,)  is  one  of  the  most  valuable  antesthetics,  but  if  one  ethyl  radicle  be 
snWituted  by  phenyl  (C,H,  —  0  —  C^,),  it  loses  this  property  entiroly. 
Others,  however,  retain  their  depressant  action,  as,  for  example,  acetophenone 
{C^,  — CO  — CH,). 

All  of  the  narcotics  of  tlie  methane  series  resemble  each  other  closely 

in  their  general  action.     This  consists  of  a  first  stage  of  imperfect 

*J  consciousness  and  confused  ideas,  followed  by  one  of  wild  excitement, 

1  and  eventnally  by  complete  nnconsciousness,  which  may  terminate  in 

I  death.     The  second  stage  is  mncli  more  marked  after  some  of  the 

aeries  than  after  others,  and  is  often  entirely  absent.     It  has  given 

/  rise  to  the  theory  that  these  drugs  stimulate  the  nerve  cells  before 

/  paralyzing  them,  but  an  alternative  explanation  is  that  the  functions 

.^  of  iv>Titrnl  nnd  iTibibitJOTi  hta  Ioi^jjotipiI,  and  the  centres  of  motion  are 

(thijs  lef t  free_ and_aeLmore  strongly  than  nonaaJXy"     This  queatiMi 

hasTieeii  most  discussed  in  regard  to  alcohol,  and  will  receive  greater 

attention  under  that  heading. 

The  depression  of  the  central  nervous  system  induced  by  these 
bodies  is  in  the  majority  of  cases  accompanied  by  an  alteration  of  the 
circulation  of  the  brain  in  the  direction  of  congestion  or  aneemia,  and 
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it  was  formerly  believed  that  these  drugs  induced  depression  by  caus- 
ing uuemia  of  the  brain  and  thua  starring  the  nerve  cellH.  Eut  this 
improbable  explanation  has  been  refuted  by  experiments  in  which  all 
the  blood  of  a  frog  was  replaced  by  salt  solution,  and  the  brain  cells 
thus  deprived  of  nutrition  before  an  anffisthetic  was  applied ;  chloro- 
form then  induced  the  same  changes  as  in  normal  animals.  There  is 
no  question  at  the  present  time  that  these  bodies  act  directly  on  the 
neurons  and  some  evidence  exists  that  the  synapses  between  the  cells, 
and  not  the  cells  themselves,  are  the  primary  site  of  the  changes. 
Many  suggestions  have  been  made  as  to  the  nature  of  these;  for  ex- 
ample, coagulation  of  the  proteins,  solution  of  the  lipoids,  or  changes 
in  the  chromatin  and  dendrites,  have  all  been  put  forward,  but  no 
definite  evidence  of  hiBt6l<^cal  change  has  been  adduced.  There  is 
every  probability  that  the  nerve  cell  depressed  by  drugs  undergoes 
changes  similar  to  those  of  natural  sleep  and  the  alterations  in  the 
brain  circulation  (aneemia)  are  the  result  and  not  the  cause  of  the 
depression  in  both  conditions. 

While  the  members  of  this  group  resemble  each  other  closely  in 
their  effects  on  the  central  nervous  system^  they  are  used  for  very 
different  purposes  in  therapeutics  and  may  therefore  be  discussed  in 
three  subgroups:  1,  alcohol;  2,  general  amesthetics,  and  3,  narcotics 
or  hypnotics.  It  must  be  recognized,  however,  that  there  is  no  hard 
and  fast  line  dividing  these  subgroups;  for  the  anaesthetics,  cKIoro- 
form  and  eth^r  mav  bft  niwd  in  Hmall  quantities  to  produce  rest  and 
sleep,  and  would  then,  strictly  speaking,  be  narcotics ;  while,  on  the 
other  hand,  chloral  and  sulphonal,  which  are  generally  napd  ah  hyp- 


notics,  give  rise  to  complete  anfflsthesia  when  administered  in  larye_ 

quantities.  ^ 

^^^^    —  1.    Alcohol. 

Ethyl  alcohol  (CHjCHaOH)  has  been  known  in  an  impure  form 
since  the  earliest  times,  and  as  far  back  as  the  history  of  medicine 
extends,  has  been  used  as  a  drug.  Its  medicinal  reputation  has  undei^ 
gone  many  fluctuations,  by  many  held  to  be  a  panacea,  by  others  it  has 
been  considered  of  little  or  no  value  as  a  remedy,  but  of  the  greatest 
importance  as  a  poison. 

Alcoholic  liquors  are  generally  prepared  by  the  fermentation  of 
Bggars,  which  either  exist  preformed  in  the  fruits,  or  are  derived  from 
starch  by  a  preliminary  ferment  action.     The  simple  liquors  (wines  i 
and  beers)  generally  contain  only  a  low  percentage  of  alcohol  (2-201 
per  cent.),  and  the  stronger  preparations  (spirits)  are  prepared  from  I 
them  by  distillation,  which  raises  the  percentage  to  30-60  per  cent./ 
and  at  the  same  time  removes  the  non-volatile  constituents.     Spirits' 
and  liquors  are  not,  however,  simple  mixtures  of  alcohol  and  water  but 
contain  many  other  volatile  substances,  the  character  of  which  is  little 
known,  and  whif;h  are  nslled  nfmanthin  etharH.     Some  of  them  have 
been  shown  to  be  higher  members  of  the  alcoholic  series,  while  others 
wonld  seem  to  be  of  entirely  different  constitution.     The  name  is 
derived  from  their  giving  the  odor  and  taate,  or  bouquet,  to  wines. 
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IPura  fil'V'linl  !■  A^tflinf H  frijm  ^^^tipap  HpirJta  by  repeated  dJatJlltttion 
flTijj^jr^^jtgp.'i^i  Tyiyycn.wy)  fjffljjrned  to  removB  the  tPfllfef^  ITlS  B&Idom 
ule3'in  medicine,  Bome  fonn  of  spirits,  wine,  or  beer  Tseing  proscribed 
instead. 
II  Action. — The  value  of  alcohol  in  medicine  depends  upon  three 
llchief  points:  1.  its  irritant  local  action ;  2,  its  action  on  the  central 
lljim-gfinj^  gjl^jpTn^  gnd  3,  jts  valuB  flfl  a  idod. 

The  Irritant  action  ia  not  so  marked  aa  that  of  many  other  substances, 
but  is  of  much  great  importance,  owing  to  the  habitual  use  of  this 
drug.  It  is  probably  due  to  the  P'^rtj"^  prpnipitatinn  of  the  proteina 
of  Uie  cells  and  is  shown  by  the  results  of  its  application  to  tne  skin, 
to  wounds  and  to  the  mucous  membranes.  Applied  to  the  skin  in 
sufficient  concentration  (e.  g.,  60-90  yiflr  nent.V  it  produces  redneas, 
't"'''T'g  °llfl  P  ^°ff^'°p;  nf  ■  heat  llkfl-owef-rrfatilo  -jipd  irritantsub- 
atar^poa  y.i^u  [m  ttip  Tmintilo  ni]a  Alcohol  18,  however,  much  les8 
Imtant  and  at  the  same  time  more  volatile  than  these,  so  that  unless 
its  evaporation  be  prevented,  it  may  produce  a  sensation  of  cold  and 
have  little  or  no  irritant  action ;  this  is  especially  the  case  when  dilute 
alcohol  is  used,  no  very  distinct  appearances  of  irritation  of  the  shin 
being  produced  by  solutions  under  40-50  per  cent.  In  ulcers  and 
_  other  unprotected  surfaces,  the  irritant  action  is  much  greatET  tod  tbe^ 
cell  division  is  accelerated,  so  that,  judiciously  applied,  it  may 
quicken  the  healing  of  such  breaches  of  continuity.  Concentrated 
solutions,  however,  cause  a  precipitation  of  the  proteins,  and  act  first 
as  aatringents  and  later  aa  corrosives,  uni;ii  tney  are  diluted  by  the 
fluids  ot  tne  wound. 

Its  effects  on  mucous  membranes  are  similar  to  those  on  wounds. 
In  the  mouth  strong  alcohol  produces  a  burning,  unpleasant  sensation 
which  passes  to  the  throat  and  stomach  when  it  is  swallowed,  and  if 
the  concentrated  vapor  be  inhaled,  it  causes  irritation  and  reflex 
closure  of  the  glottis.  The  effects  of  alcohol  on  the  digestive  functions 
are  so  important  that  they  will  receive  further  attention  (p.  139). 
The  action  of  alcohol  on  the  fterroiu  Oentros,  differs  a  good  deal  in 
individuals.  In  small  quantities  it  generally  produces  a  feeling  of 
well-being  and  good-fellowship,  along  with  increased  confidence  in  the 
powers,  mental  and  physical,  of  the  subject  of  the  experiment.  Larger 
quantities  are  followed  by  a  certain  amount  of  excitement,  marked  by 
laughter,  loquacity  and  gesticulation.  The  face  becomes  flushed  and 
hot,  the  eyes  brighter  and  livelier,  the  pulse  is  accelerated.  Even  at 
this  stage  self-control  is  partially  lost  and  the  will  power  is  weakened. 
The  speech  may  be  brilliant,  but  it  often  betrays  the  speaker;  the 
movements  are  more  lively,  but  they  are  often  undignified.  The  loss 
of  self-control  is  often  indicated  further  by  furious  outbursts  of  anger 
and  unreasonableness,  or  by  the  indulgence  in  maudlin  sentimentality 
and  sensual  fancies.  The  sense  of  responsibility  and  the  power  of 
discrimination  between  the  trivial  and  the  important  are  lost,  and 
the  individual  haa  no  regard  for  the  feelings  of  others  or  the  ordi- 
nary conventiona  of  life.     If  the  bout  be  further  continued,  the 

D,.lz..^L.OOglC 


ALCOHOL.  133 

moremEiiitB  become  uncdrtain,  the  speech  becomes  difficult  and  Btani' 
mering,  the  walk  becomes  a  stagger,  and  a  torpid  slumber  follows. 
Oftfinnaiigga  and  YOrpitinfr  t^t  i",  although  these  are  entirely  absent 


in  some  casra!  UQ^^wakisg  from  slumber,  very  great  depression  is 
generally  suffered  from,  together  with  Tiaiiapfl  wnrl  mawitiTigj  mii^  want, 
of  appetite,  which  may  last  for  several  days  and  is  aasocJated  with  all 
the  sTmptntTiA  rtf  (jf^iito  f^flftfrin  rntiirh 

Very  large  quantities  of  alcohol  lead  to  a  deep,  torpid  sleep,  which 
eventually  passes  into  total  unconsciousness,  resembling  the  condition 
in  chloroform  anssthesia;  the  respiration  becomes  stertorous  and 
slow,  and  the  face,  which  has  hitherto  been  flushed,  becomes  pale  or 
cyanotic.  This  condition  may  last  for  several  hours  and  end  in  death 
from  failure  of  the  respiration,  but  in  other  cases  the  anaesthesia 
becomes  less  deep  and  after  a  very  prolonged  sleep  the  patient  recovers. 
When  the  stage  of  anaesthesia  is  reached,  it  lasts  very  much  longer 
than  that  produced  by  chloroform  and  ether.  It  is  said  that  persona 
rarely  or  never  recover  if  unconsciousness  lasts  longer  than  10-12 
hours  after  the  drinking  bout. 

The  effects  of  alcohol  vary  greatly,  however,  in  different  indi- 
viduals and  in  the  same  individual  at  different  times.  One  person  is 
rendered  sentimental,  another  bellicose,  while  in  a  third  there  may  be 
no  appearance  of  excitement,  the  first  distinct  symptom  being  pro- 
found slumber.  When  drinking  is  indulged  in  in  company,  the  excite- 
ment stage  is  a  very  common  phenomenon,  but  if  alcohol  is  taken 
without  the  exhilarating  accompaniments  of  bright  lights  and  exciting 
companionship,  it  is  much  less  freqn^itly  seen,  and  the  question  has 
therefore  arisen  how  far  the  environment  produces  the  excitement  in 
alcoholic  intoxication. 

It  may  be  stated  at  once  that  there  exist  two  distinct  views  as  to  the 
action  of  alcohol  on  the  central  nervous  system :  the  one  stoutly  upheld 
by  Binz  and  his  pupils,  that  alcohol  first  stimulates  and  then  depresses 
the  nerve  cells;  the  other  championed  by  Schmiedeberg,  Bunge  and 
their  followers,  that  it  depresses  the  central  nervous  system  from  the 
beginning.     The  Bympt"Tina  n-f  excitement  require  no  explanation  on 
the  first  theory,  which  is  rather  to  be  looked  on  as  the  natural  expres- 
sion of  the  facts  observed.     On  the  other  hand,  Schmiedeberg  ex- 
plains them  as  not  due  to  trim  atirq^ilatinin  nf  thp  pintnr  areas,  but 
"°  *^^  "T^lU  "^  *^f°'-  °~°1  hf '"g  frftfid  from  nontrol  bv  ths  weakening 
AT  the  f'fhf" *  fun'^i"""  "f  t'hf  t"-"'!! — thft  will    and   Bplf-rflatraint. 
~  Jiiven  tile  smallest  quantities  of  alcohol  tend  to  lessen  the  activity  of  I 
the  brain,  the  drug  appearing  to  act  most  strongly,  and  therefore  in  I 
the  smallest  quantities,  on  the  most  recently  acquired  faculties,  to  I 
annihilate  those  qualities  that  have  been  built  up  through  education  I 
and  experience,  the  power  of  self-control  and  the  sense  of  responsibility.  \ 

The  question  is  a  most  difficult  one  to  decide,  for  on  the  one  hand  it 
has  been  shown  that  the  simplest  movement  is  the  result  of  a  combi- 
nation of  motor  and  inhibitory  impulses  from  the  brain,  while  on  the 
other  hand  the  measurement  of  the  relative  strength  of  Uiese  impulses 
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is  one  of  the  most  diiScnlt  problema  of  biology.  The  advocates  of  the 
atimnlant  action  point  to  the  confidence  in  their  own  powers  exhibited 
by  intoxicated  persons,  to  the  brilliancy  of  the  after-dinner  speech,  and 
to  the  excitement  stage  as  evidences  of  the  increased  activity  of  the 
brain.  But  their  opponents  question  whether  the  confidence  is  accom- 
panied by  any  really  increased  physical  strength,  and  point  out  that 
the  brilliancy  of  speech  may  be  due  to  the  environment  and  to  the 
speaker  having  lost  his  habitual  shyness  and  nervousness,  and  that  the 
excitement  is  generally  absent  when  the  associations  are  different,  or 
degenerates  into  a  form  which  more  distinctly  resembles  depression. 

More  definite  evidence  for  or  against  the  stimulant  action  of  alcohol 
has  therefore  been  sought  by  comparing  the  amount  of  work  which 
can  be  done  with  and  without  it;  and  an  apparent  confirmation  of 
Bunge's  view  has  been  found  in  the  results  of  the  use  of  alcohol  by 
troops  on  the  march,  for  repeated  experience  has  shown  that  those 
regiggnts  whic*]  TT^a  nut  i^ipp^''''^  ""i*^  fllnnllli]  Tmr"^'"^  ^_flrthQr  and 
frer^lnjietter  condition  at  the  end  of  the  day  than  others  to  which  it 
Kaobeen  given.  The  experiments  oi  uung  in  climbing  leadto  the 
some  result,  the  total  work  done  being  smaller  under  alcohol  and  the 
expenditure  of  energy  greater.  Forms  of  work  requiring  larger  drafts 
upon  the  intelligence  than  the  marching  of  soldiers  are  also  performed  - 
less  correctly  with  alcohol  than  without  it ;  X\nn  tvp^pttpra  ""ti  An 
more  work  and  make  fawr  frmrn  wTipti  tbpv  abstamTrom  its  use. 
ihe  capacity  for  work  depends  not  so  irnich  Upuu  ihu  actual  strength 
of  the  muscles  as  upon  the  condition  of  the  brain,  and  these  experi- 
ments are  therefore  generally  quoted  as  evidence  of  the  depressant 
action  of  alcohol.  Their  results  are  not  incompatible  with  the  view 
that  alcohol  primarily  stimulates  the  nerve  cells,  however,  for  Binz 
and  his  followers  allow  that  the  stimulation  is  transient  and  is  fol- 
lowed by  depression,  and  if  a  sufficient  time  elapse  after  the  alcohol 
is  taken,  the  stage  of  depression  is  elicited  and  the  total  work  may 
thus  be  reduced.  A  more  exact  method  of  examining  the  initial 
effects  of  alcohol  on  work  is  afforded  by  measuring  at  different  inter- 
vals after  the  drug  is  given  the  work  of  which  a  muscle  is  capable 
before  it  is  completely  fatigued.  This  has  been  done  in  a  number  of 
experiments  with  the  ergograph  and  the  dynamometer,  but  the  prob- 
lem has  not  proved  so  simple  as  it  appeared  and  the  observers  have 
obtained  very  divergent  results.  The  careful  and  elaborate  investi- 
gations of  Kivers  indicate  that  small  quantities  of  alcohol  (5-20  c.c, 
corresponding  to  about  a  tablespoonful  and  a  wineglassful  of  spirits) 
have  very  little  effect  on  muscular  work  measured  in  this  way.  Most 
observers  agree  that  larger  quantities  diminish  muscular  work,  and 
the  statement  that  small  quantities  facilitate  it  seems  to  be  based  on 
experiments  in  which  the  errors  of  suggestion  were  not  sufficiently 
appreciated. 

The  measurement  of  intellectual  work  is,  of  course,  much  more 
difficult,  and  the  results  are  very  liable  to  misinterpretation,  but 
Kraepelin  found  in  a  series  of  careful  measurements  of  the  simpler 
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oerebral  processes  that  the  receptive  and  intellectpal  powers  were 
weakened  by  very  small  Quantities  ot  atnobolr  while  tha  motor  lunctions 
seemed  to  j}e  facilitated  by  small,  and  retarded  by  large  quantities. 
For  example,  a  person  under  even  a  small  dose  of  alcohol  makes  more 
errors  than  usual  in  adding  a  row  of  figures  and  in  reading  a  series 
of  unconnected  syllables,  and  apparently  recognizes  letters  and  words 
somewhat  more  slowly.  It  is  interesting  to  find  that  the  subject  of 
the  experiment  is  quite  unaware  of  the  inferiority  of  his  work  and  is 
often  persuaded  that  it  is  unusually  good.  It  must  be  added  that 
.  this  depressant  effect  ia  not  equally  readily  elicited  in  different  indi- 
viduals and  even  100  c.c  of  alcohol  (corresponding  to  about  half  a 
pint  of  spirits)  fails  to  induce  it  in  some  persons.  Kraepelin's  latest 
investigations  tend  to  show  that  this  effect  of  alcohol  lasts  much  longer 
than  is  generally  recognized,  the  mental  equilibrium  bein^  reinatated 
only  12-24  hoars  after  evpn  very  rr\^ara*a  ;nHniggTi/.q  jn  nlf^hpl^ 
JtLe  leans  to  the  view  that  alcohol  weakens  and  paralyzes  some  parts 
of  the  brain,  while  primarily  stimulating  others,  but  brings  forward 
no  new  evidence  that  this  stimulation  is  not  fictitious  and  really  due 
to  the  removal  of  the  barriers  of  self-restraint  by  the  paralysis  of 
higher  areas.  Jacoby  fotmd  that  small  differences  in  weight  could 
be  estimated  more  correctly  under  alcohol  than  in  the  normal  condi- 
tion of  the  brain,  and  this  would  seem  at  first  sight  to  indicate  pri- 
mary stimulation,  but  he  believes  that  the  true  explanation  is  a 
retardation  of  the  cerebral  processes.  The  sensation  of  pain  is  also 
found  to  ht^  l^aened  hv  even  small  quantities  Of  fllconol.  IN  o  unequi- 
vocal evidence  of  the  initial  stimulant  action  on  the  brain  has  yet  been 
adduced,  for  each  new  feature  may  he  int^rpr'^tPfl  na  TAnlly  Hub  t.17  \hn 
depression  of  controlling  or  inhibitory  functions.     O^ourse,  there  i 
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no  apsoiutely  convincing  proof  that  no  stimulation  of  the  motor  areas 
f^rnrn^  and  nn  phyainlAfrioQl  prAnf  nf  the  ftxistence  even  of  controHiniB; 
areas  can  be  adduced,  much  lesa  of  their  paralysis  by  alcohol.  Qn 
tLe  other  hand,  the  effects  of  alcohol  on  cerebral  activity  are  very 
different  irom  tnose  ot  caiteine,.  which  definitely  increases  both  mus- 
cular and  mental  efficiency,  and  thus  ia  the  typical  brain  stimulant. 
Exa^erated  importance  has  been  attached  to  this  question  from  the~ 
idea  that  it  is  more  justifiable  to  employ  a  "  stimulant "  than  a  "  de- 
pressant," but  in  therapeutics  this  is  not  a  valid  argument  for  or 
against  the  use  of  alcohol. 


D«n 


Acuta  alcoholic  intoxjcation  leads  to  very  distinct  altCTatiops  in  the  histo- 
ical  aPTifiaranca  of  tJie  ceUa  ot  tne  cengai  nervona  gvaicm.  which  have 
ii  described  by  Debio,  Stewart  and  oUien.    The  chief  change  noted  by 

them  consists  in  replacement  of  the  chromatin  network  by  fine  grannleB. 

which  in  tnm  seeia  tg  become  dissolved  in  tbo  gpjiera.1  nyt^plasm.    Staiinng 

l^BFPntS     f'flrefore,   fl^ve   rise   to    a    Aif^ai-A    ,vilf.~.H»^    ^t   *t.^    ~.ll    mftmr   th^n 

"      )  of  color,  Budi  as  are  seen  in  the  normal  celL    Tfafl  den- 


In  the  lower  parts  of  the  central  nervous  system  the  evidences  of 
primary  depression  are  less  open  to  question.     For  example,  the  coor- 
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dination  of  the  movements  suffers  at  an  early  etage  in  alcohol  drink- 
ing, long  before  tlie  generally  recognized  forms  of  lack  of  coordination, 
such  as  indistinct  speech  and  staggering,  appear.  In  the  spinal  cord 
alcohol  causes  a  depression  of  the  reflex  irritability,  which  passes  into 
complete  paralysis  some  time  before  the  respiration  ceases. 

The  medulla  oblongata  is  the  last  part  of  ibe  central  nervous  syatem 
to  be  acted  on  by  alcohol,  or  at  any  rate  to  undergo  complete  paralysis. 
The  Be^iratoiy  and  OircnUtoiy  OentrM  preserve  their  functions  Ittng 
after  the  occurrence  of  complete  unconsciousness  and  the  disappear- 
ance of  the  ordinary  reflexes.  The  same  question  has  been  raised  in 
regard  to  the  respiratory  centre,  as  has  been  already  discussed  in  the 
consideration  of  the  brain,  and  the  same  two  opposing  views  have  been 
upheld.  These  are  of  greater  importance  as  regards  the  respiratory 
centre,  because  the  advocates  of  the  stimulation  theory  advise  the  use 
of  alcohol  in  conditions  of  the  respiration  in  which  it  is  directly  con- 
traindicated  if  the  other  view  be  the  correct  one.  The  qnestion  here 
is  apparently  much  more  simple,  because  the  activity  of  the  respira- 
tory centre  can  be  estimated  directly  by  measuring  the  number  of  the 
respirations  and  the  amount  of  air  inhaled  during  each ;  but  a  large 
number  of  such  e*periment8  have  been  performed  with  very  varying 
restilts.  If  the  number  of  the  respirations  be  counted  in  a  person  in 
the  excitement  stage  of  alcoholic  intoxication,  it  is  often  found  to  be 
much  greater  than  normally,  but  this  may  be  due  to  the  muscular 
movements  and  need  not  indicate  any  direct  action  of  the  drug  on  the 
medullary  centre.  And,  of  course,  this  excitement  stage  is  not  elicited 
in  therapeutics,  and  the  value  of  alcohol  as  a  respiratory  stimulant 
mnst  ther^ore  be  estimated  in  cases  in  which  bo  such  excitement  is 
caused.  A  number  of  such  estimations  have  been  made  in  man  and 
animals,  and  on  the  whole  the  evidence  shows  that  in  man  even  when 
no  excitement  is  produced  and  in  some  instances  even  when  sleep 
follows,  the  amount  of  air  inhaled  is  la^er  than  before  the  drug  was 
administered  (Jaksch,  Zuntz  and  Eerdez,  Gleppert,  Weissenf eld,  Wen- 
delstadt)  ;  the  increase  is  generally  more  evident  when  alcohol  is  taken 
during  fatigue  and  exhaustion  tlian  in  ordinary  conditions.  This 
may  not  indicate  a  direct  stimulation  of  the  respiratory  centre,  how- 
ever, for  the  increase  is  often  not  great«r  than  that  following  an  ordi- 
nary meal,  and  may  therefore  be  attributed  to  the  respiratory  centre 
being  indirectly  affected  by  the  activity  of  the  stomach  and  intestine. 
And  it  is  to  be  noted  that  alcohol  may  have  more  indirect  effect  on 
the  respiration  than  ordinary  food  because  it  is  so  much  more  irritant 
to  the  stomach  wall.  These  experiments  failing  to  determine  whether 
the  respiratory  centre  is  directly  stimulated  in  man,  another  method 
has  been  employed  by  Loewy  in  which  the  excitability  of  the  centre 
was  estimated  by  its  response  to  the  stimulus  of  an  increase  of  the 
carbonic  acid  in  the  blood.  Unfortunately,  his  experiments  were  too 
few  to  permit  of  general  inferences,  but  they  lend  no  support  to  the 
theory  that  the  irritability  of  the  centre  is  increased.  There  is  there- 
fore no  siifScient  eviden""  llmti  f^n  TrnpiTntfirT  ■;'"■*""  is  directly  i 
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In  the  dog,  no  aceeleratioD  of  the  respiration  occma  after  alcohol,  while 
in  the  rabbit,  on  the  other  hand,  the  respiration  is  much  accelerate,  and 
the  amount  of  air  inhaled  shows  a  corresponding  increase.  Jacquet  has 
attempted  to  show  that  this  ia  due  to  the  local  action  of  the  alcohol,  and  not 
to  any  direct  effect  on  the  nervous  eyelxm,  but  his  results  have  been  disputed 
by  Wilmanns;  Singer  also  refuses  to  recognize  the  changes  in  the  rabbifs 
respiration  as  an  indication  of  direct  action  on  the  respiratory  centre,  and  is 
disposed  to  attribute  tbem  to  the  irritation  of  the  stomach  and  the  increased 
mnsenlar  activity,  which  is  rendered  necessary  by  the  loss  of  heat  entailed 
by  the  dilatation  of  the  cutaneous  blood  vessels. 

In  short,  there  b  do  unequivocal  evidence  that  the  increase  in  the  respi- 
ration nnder  alcohol  in  health  is  due  to  direct  stimulation  of  the  respiratory 
centre,  while  on  the  other  hand,  no  depression  of  the  activity  of  this  centre 
occurs  except  at  a  late  stage  of  alcohol  poisoning.  Alcohol  is  often  said  to 
slow  the  respiration  in  fever  patients  and  to  stimulate  it  in  cases  of  shock. 
In  the  first  case,  however,  there  need  be  no  direct  action  on  the  respiratory 
centre,  for  it  seems  much  more  likely  that  the  improvement  (when  present 
at  all)  is  dne  to  the  alcohol  lessening  the  excitement  through  its  narcotic 
action.  The  pathology  of  shock  is  so  little  understood  that  it  would  be  use- 
lea  to  attempt  to  explain  its  therapeutics,  but  if,  as  is  held  by  many. 


explained  by  its  depressant  effects,  while  on  the  other  hand,  it  is  difficiUt  to 
explain  these  two  contradictory  effects  on  the  theory  that  alcohol,  is  a 
Etimnlant  of  the  respiratory  centre. 

From  a  praeticel  point  of  view  the  question  is  of  little  importance, 
for  the  changes  in  the  respiration  induced  by  alcohol  are  too  small  and 
too  inconstant  to  play  any  part  in  the  treatment  of  respiratory  disorders. 

Olrculatloiu — The  pulse  is  accelerated  during  the  excitement  of  alco- 
holic intoxication,  but  this  is  due  to  the  increased  muscular  effort  and 
not  to  any  direct  action  on  the  heart,  for  Jacquet  has  shown  that  the 
pulse  rate  is  unaltered  bv  fl1f,"hf>l  iyi  Tinn"r^  T.np,j  ^—:a^a  *\,,>ij  !»,. 
egcitement  be  produced  by  the  environment.  In  animals  also,  the 
pulse  rate  is  very  little  altered  by  alcoboi  except  in  very  large  quan- 
tities, when  it  is  slowed.  A  small  and  inconstant  rise  in  the  blood- 
pressure  is  stated  to  occur  in  man  under  moderate  quantities  of  alcohol 
(15-30  cc), and  in  animals  a  slight  rise  in  the  blood-pressure  has  been 
experimentally  elicited  in  some  cases,  though  it  does  not  seem  to  be 
constant.  This  increase  has  been  attributed  to  alcohol  augmentingthe 
strength  of  the  heart,  and  in  experiments  in  which  the  excised  mamma- 
lian heart  is  kept  in  activity  by  perfusion  with  Ringer's  solution,  the 
addition  of  a  small  amount  of  alcohol  (1  per  mille)  to  the  perfusing 
fluid  often  strengthens  the  contraction.  Dixon  su^ests  that  this  is 
not  a  true  stimulating  action,  but  is  due  to  the  alcohol  serving  as  a 
source  of  energy  in  the  same  way  as  sugar.  This  strengthening  action 
is  observed  only  under  very  dilute  alcohol,  and  larger  quantities  affect 
the  heart  in  the  same  way  as  ether  and  chloroform,  weakening  the 
auricnlar  and  later  the  ventricular  systole,  and  inducing  dilatation 
and  slowing  of  both  chambers  (Fig.  3).     The  action  of  alcohol  on 
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the  heart  is  mucli  less  than  that  of  chloroform,  however,  about  200 
times  as  much  being  required  to  arrest  the  frog's  heart;  and  Loeb 
found  that  the  mammalian  heart  continues  to  beat  when  perfused  with 
2  per  cent,  alcohol. 

The  flushing  of  the  skin  which  occurs  in  alcoholic  intoxication  indi- 
cates dilation  of  the  skin  vessels,  and  this  is  sometimes  accompanied 
by  a  very  slight  constriction  of  the  vessels  of  the  internal  organs. 


Tracing  of  the  moTements  of  tbe  ventricle  (lower)  *nd  auricle  (upper)  of  the  dog  when 
■  laree  dole  (20  cc  or  2/3  oz.)  of  50  per  cent  aLcobol  la  auddenly  tbrown  Into  a  velD, 
The  leven  move  ungarriii  rtiirlpg  iiviiinli.  jinwnn'.r^.  llrrlBK  '""^tP'if  -''  narmal.  B, 
Injection.  The  sjetAlt  M  the  MFlcle  la  very  miicb  wcakeneJ.  tttt  fllaable  la  leaa  affected. 
Tbe  Tentrlcular  syatole  la  camparatlvelif  ttttle  ohnnged,  although  It  also  la  a  little  weaker. 
The  effect  paMcH  off  Terj  rapidly,  bo  that  at  the  end  of  the  tracing  both  chambera  baye 
almost  recovered.  A  very  slmllBr  effect  la  aeen  under  cblorofuna.  (Fig.  10.)  (Tbe 
tracing  la  to  be  followed  from  right  to  left.) 

These  seem  to  arise  from  central  vasomotor  action,  but  whether  it  is 
due  to  direct  stimulation  of  the  centres  or  arises  from  a  reflex  from 
the  periphery  is  not  yet  determined.  Very  large  quantities  of  alcohol 
cause  a  marked  fall  in  the  arterial  tension,  through  weakening  the 
vaso-constrictor  centres  and  the  heart  muscle,  but  the  quantities  of 
alcohol  required  to  cause  any  great  fall  in  blood-pressure  are  far  in 
excess  of  those  used  in  therapeutics. 
\  On  the  whole,  the  action  on  tbe  circulation  of  small  quantities  of 
laleohol  ( J-1  oz.)  may  be  favorable  in  some  conditions,  by  augmenting 
ithe  strength  of  the  contraction  of  the  heart,  but  this  action  is  so  slight 
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and  inconBtant  that  it  is  impossible  to  regard  it  as  a  basis  on  wbich 
serious  tberBpeotica  can  be  founded. 

The  slowing  of  the  heart  which  often  follows  the  adminiBtration  of  ' 
alcohol  in  fever,  would  seem  doe  rather  to  its  diminishing  the  cerebral 
excitement  than  to  its  direct  action  on  the  heart.  On  the  other  hand, 
the  allied  improvement  of  the  circulation  in  shock  maj  be  due  to  a 
reflex  from  the  irritant  local  action,  and  perhaps  to  the  direct  cardiac 
action. 

Alcohol  has  little  effect  on  Hnscle  or  on  peripheral  Nerres  when  it  is 
carried  to  them  by  the  blood,  but  Lee  states  that  frog's  muscle  is  strengthened 
by  small  quantities  and  weakened  by  larger  amounts.  This  has  been  in- 
terpreted as  indicating  that  small  quantities  of  alcohol  are  utilized  by  the 
mnsele  as  a  source  of  energy,  while  this  effect  disappears  under  larger  quanti- 
ties which  onfold  the  toxic  action  of  the  drug.  And  Dung's  experiments 
show  that  in  man  alcohol  may  be  ufiJIjygH  for  wi^rk  in  the  same  way  as  the 
Qfdinary  sourceg  of  egeryr  saen  as  Bn«tr.  When  the  frog's  nerve  is  exposed 
to  alMBbhe  vapor  its  irritabiUty  is  first  increased  and  later  diminished  if  the 
quantity  applied  be  large  enough.  The  sensory  fibres  are  said  to  t>e  de- 
pressed before  the  motor. 

The  effect  of  alcohol  on  the  Digeetios  has  been  the  subject  of  man; 
investigations,  both  from  the  clinical  and  the  experimental  point  of 
view.  There  exists  a  widespread  belief  in  both  lay  and  medical  circles 
that  small  quantities  of  alcohol  taken  before  a  meal  increase  the  appe- 
tite, while  after  food  they  accelerate  the  digestion.  It  is  obvious  that 
alcohol  may  affect  digestion  either  by  altering  the  activity  of  the  fer- 
ments in  the  digestive  canal,  or  by  altering  the  secretion,  movement, 
or  absorption  of  the  stomach  and  intestine.     The  digestive  power  of 


I  the  body  has  been  found  tb  b^  nnaltere 


slightly  increased  when  alcohol  is  present  in  very  small  quantity.     In 
a  flff[y^{if)n  nl  h- 1 1't  per  flBM.  01  aicohol  or  of  spirits,  however,  the  gaa- 

ti.i.1  jiiiim  iVfv^titi,  11  m  y JgrassTiAwiy  |^^^  iioriimllyrHini: tfaFpan- 

creatic  secretion  is  affected  prejudicially  by  even  smaller  quantiHes. 


(uhittenden  and  Mendel.)  Very  large  quantities  ot  kIWhul  preulpi 
tate  the  proteins,  but  it  is  unlikely  that  sufficient  alcohol  to  produce 
this  effect  ever  remains  in  the  stomach  for  any  length  of  time.  The 
malt  liquors  and  wines  are  much  more  detrimental  to  the  digestive 
ferments  than  pure  alcohol  or  spirits,  and  the  augmentation  of  the 
activity  of  the  ferments  is  so  slight  in  any  case  that  it  does  not  seem 
likely  that  it  plays  any  important  role  in  the  effects  of  alcohol  on  the 
stomach. 

The  presence  of  alcohol  in  the  mouth  causes  (according  to  Chitten- 
den, Mendel  and  Jackson)  a  very  appreciable  increase  in  the  secretion 
of  the  saliva,  presumably  by  reflex  action.  As  regards  the  action  on 
the  stomach  wall,  it  is  to  be  remembered  that  alcohol,  even  in  compar- 
atively dilute  solution,  is  an  irritant,  and  therefore  leads  to  increased 
activity  of  the  cells,  a  more  active  circulation  in  the  organ,  and  prob- 
ably to  a  more  rapid  secretion  of  both  acid  and  solids  of  the  gastric 
juice.     But  apart  from  this  local  action  on  the  stomach,  it  appears  to 
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exert  a  specific  action  on  the  eecretion  after  its  absorption  into  the 
circulation.  For  when  it  is  injected  into  the  dog's  rectum,  a  profuse 
secretion  from  the  gastric  mucous  membrane  follows,  and  when  part 
of  the  stomach  is  isolated  from  the  rest  of  the  organ,  bo  that  alcohol 
given  by  the  mouth  fails  to  enter  it,  this  part  still  shares  in  the  secre- 
tion. According  to  Hadzikowski,  the  pepsin  secretion  is  not  always 
correspondingly  augmented,  the  alcohol  not  accelerating  the  formation 
of  pepsin  from  propepsin,  but  merely  leading  to  the  secretion  of  the 
pepsin  preformed  in  the  mIIb.  Similar  effects  have  been  obtained  in 
man  by  Spiro,  who  administered  alcohol  by  the  rectum.     It  has  been 

(further  demonstrated  that  the  absorption  of  fluids  from  the  stomach 
and  bowel  is  much  accelerated  by  the  addition  of  alcohol  (Brandl, 
Scanzoni,  Famsteiner,  Tappeiner) ,  and  the  movements  of  the  stomach 
are  also  augmented  by  moderate  quantities.  (Klemperer,  Batelli.) 
Digestion  in  the  stomach  may  thus  be  influenced  in  two  opposite 
I  directions  when  alcohol  is  administered  in  the  usual  form  of  wine, 
Ispirits,  or  beer.  The  action  on  the  ferments  is  deleterious,  while  the 
Y^anges  in  the  stomach  wall,  the  increased  secretion  and  movement 
knd  the  accelerated  absorption,  are  beneficial  in  many  cases.  These 
two  opposing  factors  may  neutralize  each  other,  as  in  the  dc^  in  which 
the  rate  of  digestion  is  scarcely  altered,  the  retarding  effects  of  alcohol 
on  the  proteolysis  being  compensated  for  by  the  more  abundant  secre- 
tion of  the  juice,  which  continues  after  the  alcohol  is  absorbed,  and 
therefore  after  its  deleterious  effects  on  the  fermentation  have  disap- 

I  peered.  (Chittenden,  Mendel  and  Jackson.)  In  man  the  result 
varies,  the  one  factor  predominating  in  some  cases,  the  other  in  others. 
Thus,  while  Eretschy  and  Buchner  found  that  the  digestion  of  pro- 
teins in  the  human  stomach  was  distinctly  retarded  by  alcohol  and 
beer,  EichenbergjWolffhardt  and  others  state  that  small  quantities  of 
alcohol  or  wine  accelerate  the  digestion,  and  Gluzinsky  came  to  the 
conclusion  that  as  long  as  alcohol  remains  in  the  stomach  the  digestion 
is  retarded,  but  that  after  its  absorption  the  digestion  progresses  more 
rapidly  than  if  no  alcohol  had  been  given.  Zuntz  and  Magnus-Levy 
have  ^own  that  the  addition  of  beer  to  the  dietary  does  not  affect  the 
absorption  and  utilization  of  the  food  by  the  tissues.  It  is  not  unlikely 
L  that  the  taste  has  some  influence  on  the  result,  that  in  those  who  enjoy 
I  the  taste  of  alcohol,  it  induces  a  more  rapid  secretion  and  an  improved 
I  digestion,  while  in  those  to  whom  it  is  disagreeable  the  secretion  is 
I  less  altered. 

r  The  divergence  of  opinion  exists  only  in  regard  to  the  effects  of 
I  small  quantities,  for  all  are  agreed  as  to  the  deleterious  action  of  any 
■but  moderate  doses  of  alcohol  on  the  digestion.  After  large  quantities 
1(50  c.c.)  the  irritation  of  the  stomach  wall  leads  to  a  profuse  secre- 
nion  of  mucus,  nausea  and  vomiting.  There-is  every  reason  to  sup- 
pose that  this  is  due  to  the  local  irritation,  and  not  to  the  action  of  the 
absorbed  alcohol  on  the  nervous  centres.  A  large  dose  of  concen- 
trated alcohol  sometimes  leaves  evidence  of  its  irritant  action  in  red- 
ness and  injection  of  the  mucous  membrane,  and,  it  is  said,  in  ecchy- 
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moBes,  but  in  moat  cases  of  fatal  poisoning  no  such  appearances  are 
to  be  observed  after  death. 

Ifl  Alcohol  a  Food?'— This  has  long  been  discnssgd,  and  that  with 
more  passion  and  prejudice  than  are  generally  elicited  by  pharmaco- 
logical questions.  It  has  been  ahown  that  only  5  per  cent,  or  lees  of 
the  ingested  alcohol  is  excreted,  while  the  reat  of  that  absorbed 
from  the  stomach  and  bowel,  amounting  to  ov^r  flB  per  tvint.^  ^^^TiHorpvww 
"^nbl'"^'""  ^he  fact  that  none  of  the  products  of  the  combustion 
have  been  isolated  from  the  body  does  not  invalidate  this  statement, 
for  the  corresponding  products  of  sugar  are  not  known,  but  there  is 
no  doubt  that  sugar  is  oxidized  in  the  body.*  According  to  Grehant'a 
recent  work,  the  oxidation  of  alcohol  progreaaes  slowly,  appreciable 
amounts  being  found  in  the  blood  twenty-four  hours  alter  its  inges- 
tion; this  accords  WlLh  ilraHpuUu'l}  BtMement  that  its  etfect  on  the 
brain  can  be  detected  for  12-24  hours.  In  undergoing  oombustion 
alcohol  eivea  up  enerpy  to  the  body,  STid  tbprpfnrp  ia  twhTnViilly  p  fnnA 
This  statement  haa  met  with  a  great  deal  of  opposition,  and  the  mere 
fact  that  alcohol  gives  up  energy  to  the  body  does  not  constitute  it  an 
advisable  food  in  all  conditions.  For  example,  the  question  might  be 
raised  whether  alcohol  does  not  require  an  amonnt  of  energy  for  its 
absorption  equal  to  that  liberated  by  its  combustion,  or  whether  its 
action  on  the  nervous  centres  does  not  produce  a  greater  waste  of  force 
than  the  food  itself  supplies.  Both  of  these  have  been  answered  by 
experiments  in  which  the  carbonic  acid  excretion  of  the  body  has  been 
measured  before  and  after  alcohol.  Zuntz  and  Eerdez  and  (Jeppert 
have  shown  by  this  method  that  after  alcohol  is  taken,  a  slight  rise  of 
5-10  per  cent,  occurs  in  the  output  of  carbonic  acid ;  that  ia,  a  small 
amonnt  of  extra  combustion  goes  on,  a  certain  amount  of  energy  is 
required  for  the  absorption,  but  this  is  not  greater  than  that  required 
for  the  absorption  of  any  other  form  of  food.  And  the  total  amount 
of  carbonic  acid  excreted  in  24  hours  is  not  appreciably  altered  by 
alcohol,  so  that  alcohol  taken  in  addition  to  the  ordinary  food  is  either 
itself  transformed  into  tissue,  or  undergoes  oxidation  instead  of  some 
substance  which  in  turn  ia  used  to  build  up  the  body.  Strassmann 
has  shown  that  animals  that  receive  alcohol  tend  to  lay  on  more  fat 
than  others  receiving  the  same  food  without  alcohol,  and  this  is  in 
accord  with  the  common  observation  of  the  obesity  of  alcohol  drinkers. 
Alcohol,  therefore,  acts  as  a  substitute  for  fate  and  carbohydrates  in 
the  tood'  to  661Bfl  B8teut. 

It  has  long  been  recognized  that  when  insufficient  fat  and  carbohy- 
drate is  supplied  to  the  body,  the  proteins  are  drawn  upon  to  make 

*  It  haa  been  laggMted  that  the  oiidatlon  of  alcohol  la  the  )>fir1y  nin.y  not  ^va 
rfae  to  the  MjMgTJTgfeni  aa  itg  oiidatioii  in  tna  eaemieai  maoratory.  If  Bldehjde 
Irero  lormed  It  would  W  WtfiMtM  In  part  l}y  IBS  IMgi  knS  kidneya,  for  ald^- 
l^de  injected  into  the  blood  at  once  appears  in  the  breath  and  nrine.  Aeetie 
add  haa  never  been  identified  with  certainty  after  alcohol,  but  formic  acid  ia 
excreted  after  metl^l  alcohol,  and  it  therefore  aeemi  probable  that  ethyl  alcohol 
i(  nTJrtJMH  tn  If-*'-  "'^  'TllTnp'"**''r    '""*  *'""'  *^^'  ^^  oaw  nnderyoes  farther 
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good  the  deficiency  and  tbe  nitrogen  eliminated  rises  accordingly. 

I  On  tlie  other  hand,  when  the  fata  and  carbohydratee  of  the  food  are 
increased,  the  organism  economizes  its  protein  and  the  nitrogen  tends 
to  fall.  This  is  the  moat  accurate  method  of  testing  the  food  vslue  of 
non-nitrogenous  substances,  and  alcohol  has  been  the  subject  of  a 
number  of  such  investigations.  The  divergent  results  have  ^ven  rise 
in  the  last  few  years  to  a  series  of  experiments  which  promise  to 
become  classical  for  the  extraordinary  patience  and  conscientiousness 
exhibited  by  those  engaged  in  them,  as  well  as  for  the  complete  agree- 
ment in  the  results  obtained  by  investigators  who  approached  the  sub- 
ject with  opinions  which  were  diametrically  opposed.  These  experi- 
ments, which  may  be  cited  as  models  of  investigations  in  metabolism, 
were  performed  by  Neumann,  Atwater  and  Benedict,  and  Rosemann 
and  his  pupils.  The  results  may  best  be  illustrated  by  an  account  of 
Neumann's  first  experiment. 

This  lasted  35  days  divided  into  six  periods.  The  proteins  of  the 
food  and  the  carbohydrates  remained  constant  throughout,  while  alcohol 
was  substituted  for  part  of  the  fat  for  some  time  (see  Fig.  4).  Dur- 
ing the  first  five  days  the  nitrogen  excreted  was  practically  equal  to 
that  of  the  food  (nitrogenous  equilibrium),  while  during  the  next  four 
days  one  half  of  the  fat  of  the  food  was  omitted  and  the  immediate 
result  was  an  increase  in  the  nitrogen  excreted,  indicating  that  the 
proteins  of  the  body  were  being  drawn  upon  to  make  good  the  deficit 


Tbe  effect  of  alcobol  od  Ditrogen  ellmlDatloD.  The  waTe-llne  rtpreaents  tbe  DttrtwMl 
excreted.  It  rlBCB  rapldir  ta  tbe  iecond  period  wben  the  fat  of  the  food  waa  redocM  to 
one  half,  but  aoon  falls  Id  the  third  period  where  alcohol  was  aubatltiited.  100  g.  of 
alcohol  la  cbemleall;  equivalent  to  TS  g.  of  fat.     (Alter  NaciuiiH.) 

in  the  fat  of  the  food.  The  next  ten  days  a  quantity  of  alcohol  chem- 
ically equivalent  to  the  fat  deficit  was  taken  and  the  nitrogen  elimina- 
tion slowly  fell  to  the  normal  (equilibrium).  In  the  first  five  days  of 
this  period,  however,  the  nitrogen  remained  high,  showing  that  alcohol 
did  not  at  first  replace  the  fats  completdy.  In  the  fourth  period  of 
six  days,  the  same  amount  of  fat  was  given  as  at  first,  while  the  alcohol 
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was  continued,  and  the  nitrogen  fell  mach  below  the  amount  ingested ; 
t.  e.,  the  alcohol  again  led  to  a  saving  of  the  proteids.  Next,  both 
alcohol  and  fat  were  omitted  for  four  days  and  the  proteid  tissuea  were 
again  drawn  upon.  Finally  the  original  diet  was  resumed  and  the 
nitrogenous  equilibrium  was  at  once  restored.  Prom  this  experiment 
Neumann  drew  the  conclusion  that  alcohol  can  replace  a  chemicallyl 
equivalent  amount  of  fat  in  the  dietary,  for  otherwise  the  nitrogen  I 
would  not  have  returned  to  the  normal  toward  the  end  of  the  third  I 
period ;  and  alcohol  given  along  with  a  sufficient  dietary  leads  to  a  J 
further  economy  of  the  proteins  just  as  additional  fat  would;  othei^j 
wise  the  nitrogen  would  not  have  fallen  below  the  point  of  equilibrium! 
in  the  fourth  period.  Certain  objections  which  were  made  to  this  \ 
experiment  by  Rosemann  have  been  refuted  by  his  own  work  and  by  | 
Neumann's,  so  that  both  investigators  are  now  in  accord. 

The  final  result  of  all  these  investigations  is  that  alcohol  can  take  I 
the  place  of  some  of  the  fat  in  the  food,  and  leads  to  the  same  economy  I 
of  protein  as  the  ordinary  non-nitrogenoua  constituents  of  the  dietary. 
The  first  three  or  four  days  during  which  alcohol  ia  substituted  for  fat  ( 
it  has  little  or  no  tendency  to  economize  the  proteins,  but  this  is  true  1 
of  other  forms  of  food  also,  any  sudden  change  in  the  non-nitrogenous 
food  leading  to  a  temporary  increase  in  the  nitrogen  excreted,  which  1 
persists  until  the  tissues  have  become  accustomed  to  the  new  dietary. 

lletabtriiBiit, — It  was  formerly  supposed  that  alcohol  economized  the 
body  tissues  in  some  ill-defined  way,  by  means' of  a  direct  action  on 
the  protoplasm  of  the  cells;  as  it  was  expressed,  alcohol  lessened  the 
combustion  of  the  tissues.  There  is  no  reason  to  suppose  that  alcohol 
in  ordinary  quantities  has  any  action  of  this  kind  on  the  tissues,  for, 
as  has  been  mentioned,  the  oxidation  of  the  tissues  as  measured  by  the 
o^gen  absorbed  and  the  carbonic  acid  exhaled  is  only  affected  as  it  is 
by  any  other  food.  When  very  large  quantities  of  fdcofaol  are  taken,  I 
and  depression  and  sleep  follow,  the  combustion  of  the  body  is  reduced,  i 
not  through  any  action  on  the  protoplasm  generally,  but  through  the  1 
muscular  movements  being  lessened.  In  the  same  way,  during  the 
excitement  stage,  the  carbonic  acid  exhaled  is  doubtless  much  increased, 
because  more  energy  and  more  of  the  body  tissues  is  used  up  in  the 
violent  movements.  Of  course,  the  oxidation  of  alcohol  by  the  tissuea 
saves  fat  from  combustion,  and  it  is  possible  that  some  bodies  which 
would  normally  be  oxidized  in  the  organism  may  pass  through  it 
unchanged  in  the  same  way.  On  the  other  hand,  the  excessive  fat-1 
destruction  in  diabetes  sometimes  gives  rise  to  the  formation  of  acetonel 
in  large  quantities,  and  the  administration  of  alcohol  may  lessen  thisl 
symptom,  through  the  alcohol  undergoing  combustion  instead  of  thel 
fat.  The  influence  of  alcohol  on  the  uric  acid  excretion  seems  to  vary ' 
with  the  individual,  for  while  no  definite  change  has  been  observed 
in  some  cases,  even  when  large  quantities  of  alcohol  were  taken,  Beebe 
found  a  distinct  increase  in  the  quantity  excreted  under  moderate 
doses.  He  ascribes  this  result  to  alcohol  disturbing  the  functions  of 
the  liver,  and  further  evidence  of  thia  action  has  be^  found  by  Paton 
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and  Eftson  in  the  lower  proportion  of  urea  to  the  total  nitrogen  of 
the  urine.  This  increase  in  the  uric  acid  excretion  is  said  to  occur 
alao  under  alcohol  on  a  purine-free  diet. 

It  has  long  been  recognized  clinically  that  persons  addicted  to  the 
use  of  alcohol  show  less  resistance  in  acute  diseaae  and  in  operations 
accompanied  by  shock  than  more  temperate  individuals,  and  in  very 
intemperate  cases  the  prognosis  must  be  guarded  in  an  attack  which 
would  ordinarily  be  accompanied  with  little  danger.  This  has  been 
confirmed  by  a  number  of  experiments  on  animals  which  were  sub- 
jected to  treatment  with  alcohol  and  then  inoculated  with  pathogenic 
germs  (Laitinen).  The  results  have  invariably  shown  a  greater  sus- 
ceptibility to  infection  and  a  greater  mortality  tiian  in  control  animals 
which  had  received  no  alcohol.  A  similar  effect  was  observed  when 
toxines  were  injected  instead  of  bacteria,  and  great  difficulty  was 
encountered  in  rendering  animals  immune  to  the  diphtheria  toxin  if 
they  had  previously  been  treated  with  alcohol.  Various  explanations 
of  this  reduced  resistance  have  been  given,  Rubin  ascribing  it  to  pau- 
city or  inactivity  of  the  leucocytes,  while  Abbott  andJBergey  foimd 
a  reduction  in  the  hemolytic  complement,  "winch  su^eslsthat  the 
susceptibility  to  infection  may  be  due  to  the  failure  to  form  the 
specific  complement  to  the  bacterial  toxin.  It  is  often  stated  that 
alcohol  given  in  the  treatment  of  infectious  diseases  must  have  a 
similar  deleterious  effect  on  the  resistance  of  the  tissues,  but  this  has 
not  been  shown  to  be  the  case. 

These  clinical  and  experimental  results  have  raised  the  question 
whether  the  ordinary  dietetic  use  of  alcohol  in  even  email  quantities 
(15-30  cc.)  may  not  lead  to  impainncnt  of  the  resistance  to  infec- 
tious disease,  and  much  interest  attaches  to  Laitinen's  later  work  in 
which  animals  were  treated  with  quantities  of  alcohol  corresponding 
to  those  habitually  used  by  temperate  persons.  The  general  result 
appears  to  be  that  the  prolonged  use  of  small  quantities  in  animals 
(0,1  cc.  per  kilo)  may  affect  their  susceptibility  to  disease,  but  the 
I  average  mortality  is  scarcely  greater  than  that  of  the  controls  to  which 
no  alcohol  has  been  given. 

A  much  more  distinct  effect  from  small  doses  of  alcohol,  such  as 
correspond  to  temperate  use  in  man,  has  been  observed  by  Hunt,  who 
finds  that  animals  thus  treated  become  more  susceptible  to  the  action 
of  methyl  cyanide.  This  poison  acts  in  the  tissues  through  being 
oxidized  to  hydrocyanic  acid,  and  Hunt  believes  that  the  effect  of 
the  prolonged  treatment  with  alcohol  is  to  facilitate  this  oxidation, 
and  that  the  reaction  is  evidence  of  an  alteration  of  the  metabolism 
of  the  body  in  this  direction.  The  great  importance  of  this  observa- 
tion lies  in  the  fact  that  the  modification  of  the  metabolism  which  it 
demonstrates,  arises  from  the  prolonged  use  of  quantities  of  alcohol 
which  are  too  small  to  give  rise  to  definite  symptoms  of  intoxication. 
Apparently  the  alteration  is  associated  with  the  development  of  toler- 
ance for  alcohol. 

The  Tonperatnre  of  the  body  falls  somewhat  after  the  administra- 
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tion  of  alcohol,  but  this  is  not  due  to  any  diminution  in  the  oxidation 
and  in  the  heat  formed,  but  to  the  greater  output  of  heat  from  the 
dilation  of  the  ekin  vessels.  The  fall  in  temperature  is  comparativdy 
slight,  seldom  being  more  than  \-\°  C,  but  it  would  seem  that  expo- 
sure to  cold  causes  a  greater  fall  in  the  temperature  after  alcohol  than 
in  normal  conditions ;  this  is  periiaps  due  to  the  temperature-regulating 
mechanism  being  rendered  less  sensitive  by  alcohol. 

The  fall  in  temperature  produced  by  alcohol  is  generally  accom- 
panied by  a  feeling  of  heat,  and  a  thermometer  applied  to  the  skin 
may  actually  show  a  rise  of  several  degrees,  because  more  warm  blood 
flows  through  the  dilated  vrasels.  If  much  excitement  and  movement 
follow  the  ingestion  of  alcohol,  no  fall  in  the  temperature  may  result, 
the  increased  heat  formed  during  the  movement  compensating  for  the 
increased  output,  and  in  some  cases  a  rise  of  temperature  occurs  from 
the  same  cause.  Very  large  quantities  of  alcohol  may  lead  to  a  fall 
in  temperature  of  ^5°  C,  owing  to  the  lessened  movements  during 
imconsciousnesa. 

A1»orption  and  Excretion, — Alcohol  is  absorbed  rapidly,  about  20 
per  cent  of  that  invested  being  taken  iip  in  t>ip  Btomanh  and  W  per 
cent,  m  the  small  intestine.  It  rapidly  paaseBinto  tha  tissues  from 
'thf  tflnofl  flTifl  IB  BlmrlT""^Ti^'^TMl  Grehant's  experiments  indicate 
that  the  blood  may  contain  as  much  as  six  parts  per  thousand  and  the 
animal  recover,  but  more  than  this  inevitably  proves  fatal.  Traces 
remain  in  the  blood  for  about  24  hours,  but  over  95  per  cent,  of  that 
ingested  is  oxidized  in  that  time.  The  alcohol  which  escapes  com- 
bustion in  the  tissues  is  excreted  by  the  kidneys  unchanged,*  and 
by  the  lungs.'  Traces  are  Bometimes  found  in  the  sweat  and  milk, 
but  there  is  no  foundation  for  the  legend  that  children  Tr^y  hn  intj^n- 
pg^fA^  ft]-  ni-qiiifo  n  ^j|i  fcy  fyj  utfoUT ilfhifc-^rom  the  alcohft]  flbsfirbpd 
in  the  milk  of  a  drunken  mother  or  wet-nurse.  The  amount  and 
quality  ot  the  mill!  IT^  UTlflfFMted  by  the  administration  of  alcohol 
(Rosemann).  Brauer  states  that  alcohol  is  eliminated  in  some  quan- 
tity in  the  bile  and  is  then  reabsorbed  in  the  intestine.  This  is  more 
marked  in  the  case  of  amyl  alcohol  than  in  that  of  ethyl  alcohol,  and 
the  appearance  of  alcohol  in  the  bile  ia  accompanied  by  albumin, 
epithelial  cells  and  casts  of  the  finer  bile  ducts. 

Bepeated  doses  of  alcohol  produce  Tolerance,  which,  although  not  80 
great  as  that  acquired  for  morphine  and  nicotine,  involves  the  pre- 
scription of  double  or  triple  doses,  in  persons  addicted  to  drinking. 
This  toleranoe  has  been  shown  by  PriDgsheim  to  arise  in  part  fromi 
the  tissues  acquiring  an  increased  capacity  to  oxidize  alcohol ;  and  as  \ 
oxidati<Hi  beg^s  almost  as  soon  as  absorption,  a  large  quantity  of  I 
alcohol  taken  by  a  habitual  drinker  may  not  lead  to  the  accumulation  i 

*  Some  of  tbe  aleobol  in  tbe  viae  Is  combined  with  gl^rcuroDie  acid  In  the 
nbbit,  but  not  in  man. 

'Traces  of  aleobol  are  exhaled  in  tbe  breath,  but  ethyl  alcohol  fails  to  escape i 
In  this  way  in  meesnrable  qaantiticB.    Tbe  odor  of  tbe  breath  after  spirit  drink- ( 
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in  the  blood  of  a  Bufficient  quantity  to  induce  Bymptoma  of  intoxication 
.(Fig.  5).  The  close  relationship  between  the  narcotics  of  the  fatty 
eeries  is  indicated  by  the  fact  that  much  more  chloroform  or  ether 
Ihan  usual  is  required  to  ansesthetize  persons  in  whom  a  tolerance  for 
'alcohol  has  been  established. 

Although  alcohol  seems  to  increase  the  XTrina  to  some  extent,  it  can- 
not be  said  to  be  a  powerful  diuretic  in  itself,  and  it  is  quite  unknown 
whether  it  acts  on  the  kidney  directly  or  not.  Some  of  the  spirituous 
liquors,  such  as  gin,  produce  a  profuse  secretion  of  urine,  but  this  is 
due  to  their  other  constituents,  and  not  to  the  alcohol. 
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Tbe  perc«Btag«  of  alcohol  Id  the  blood  (fter  clTtag  B  c.c  per  kg.  to  rabbits.  The  per- 
centtge  la  iadlc«ted  an  the  perpendlculac  line,  tfie  houn  after  adnlnlBtratlan  aloDg  the 
horlioatal.  The  broken  line  reweaent*  the  changes  In  percentage  Id  a  normal  animal,  the 
onbrokfn  that  In  an  animal  which  had  acquired  tolerance  throngb  proloDged  treatment 
with  alcohol  prcTlonalr.     (Psinqbbiih.) 

Alcohol  is  generally  credited  with  AplirodlBlac  powers,  that  is,  with 
increasing  sexual  desire,  although  no  less  an  authority  than  Shake- 
speare states  that  it  prevents  the  consummation  of  sexual  intercourse. 
The  unquestionable  tendency  toward  sexual  excess  observed  in  intoxi- 
cation is  due,  not  to  any  effects  on  the  generative  organs,  but  to  the 
loss  of  self-control  from  the  cerebral  action  of  the  poison. 

Alcohol  possesses  only  a  weak  Astlsaptlc  action,  for  while  the 
growth  of  some  bacteria  is  delayed  somewhat  in  a  1 :  1000  solution, 
many  grow  abundantly  in  4  per  cent,  alcohol,  and  some  in  even 
stronger  solutions.  Its  disinfectant  action  has  been  the  subject  of  a 
number  of  researches  recently  and  has  been  found  to  vary  with  the 
conditions.  Dry  bacteria  may  be  exposed  to  absolute  alcohol  for 
twenty-four  hours  without  losing  their  vitality,  while  60-70  per  cent. 
alcohol  is  fatal  to  them,  and  also  to  m(\st  organisms.  The  explana- 
tion of  this  curious  observation  seems  to  be  that  alcohol  fails  to  pene- 
trate microbes  unless  in  the  presence  of  wafer.  In  less  than  40  per 
cent,  the  action  is  very  alow,  so  that  the  limits  of  alcohol  as  a  disin- 
fectant may  be  placed  at  50-70  per  cent. ;  in  this  strength  it  is 
equivalent  to  about  3  per  cent,  carbolic  acid,  provided  that  it  does  not 
\cause  large  precipitates  of  protein.  Many  bodies  which  are  antiseptic 
when  dissolved  in  water  have  comparatively  little  effect  when  dia- 
Bolved  in  alcohol. 
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Ifetilq^  idcghol,  or  wood  alcohol,  has  assnined  great  importance  lately  from 
&  lai^  numMT  of  cases  of  poisoning  having  occurred  from  its  being  aub-- 
stdtnted  for  ethyl  alcohol  aa  an  mtoncant,  or  in  some  patent  remedies.  Jn 
.  animal  experiments  it  is  foiind  that  given  in,  single  doses  it  ia  slightly  less 
n^aonoiis  than  flthyl  alnohfil.  the  action  comingonBomqwhainnore  slowly,  biit 
lasting  a  longer  tmie;  tub  aymptoma~nr  yjmf.rin  irritatiop  affl  gMtfflUy  more 
tnarBHiJhan  tnose  "Saneed  by  etnyl  alcohol,  and  very  ojiten  iMm(l  oonvulsive 
niSTSISints  are  observed  (Htmt).  When  the  administration  is  repeated, 
methyl  alcohol  is  fonnd  niuch  more  poisonous  than  ethyl,  and  this  may  prob- 
ably be  ascribed  to  the  more  prolonged  action  of  the  former.  Pohl  has  pointed| 
out  that  while  ethyl  alcohol  undergoes  complete  combustion  in  the  tissties|l 
methyl  alcohol  is  oxidized  to  formic  acid  and  possibly  formic  aldehyde,  both  I 
of  which  are  much  more  poisonous  than  the  original  alcohol.  It  seems  a  fair! 
inference  that  the  prolonged  action  and  the  consequent  greater  toxicity  of  the| 
lower  alcohol  may  be  due  to  these  products. 

In  man  the  symptoms  of  wood  alcohol  poisoning  differ  from  those  of  ordi-  • 
nary  spirits  in  the  marked  mascular  weakness  and  defective  f^riHAi*.  {mfinnj 
which  are  followed  by  nausea,  vomiting,  coma,  or  delirium  of  a  mnch  more) 
intense  and  persistent  character  than  those  seen  in  intoxication  with  ethyl 
alcohol.  In  a  considerable  number  of  cases  death  has  followed  from  a  single 
dose  smaller  than  wonid  have  been  fatal .  had  ethyl  alcohol  been  swallowed, 
and  in -some  cases  total  and  permanent  blmdneea  has  followed  or  accom- 
panied recovery.  'I'hiS  condition  is  more  often  the  result  of  repeated  in- 
gestion of  the  alcohol,  however,  and  is  due  to  optic-ufinHtis  and  subsequent 
complete  qptie  atrophy.  The  large  number  of  cases  of  blindness  or  fatal 
intoxication  collected^by  Buller  and  Wood  demonstrate  clearly  the  dtuitwr 
incurred  in  the  use  of  this  poison  internally  or  even  externally.  Upnc 
atrophy  has  been  induced  in  animals  repeatedly  D^  the'  administration  of 
wood  alcohol,  and  is  certainty  much  less  liable  to  occur  from  ethyl  alcohol. 

The  other  alcohols  arc  mainly  of  interest  as  impurities  of  the  preparations 
of  ethyl  alcohol.  They  all  resemble  it  in  their  general  effects,  but  differ  from 
it  in  toxicity;  propyl  alcohol  is  more  powerful  than  ethyl,  butyl  than  propyl, 
and  amyl  than  any  of  them.  Amyi  fiTpn>)ol  or  fusel  oil,  is  present  in  small 
1H""*''y  ^"  m"°*  ^orms  of^  spirits.  It  resembles  ethylic  alcobol  m  general^ 
but  is  more  irritant  local!y7and  is  beEeved  by  some  authorities  to  have  more 
deleterious  effects  in  chronic  poisoning  than  pure  ethylic  alcohol.  This  is  not 
baaed  on  any  very  satisfactory  evidence,  however,  and  all  the  characteristic 
symptoms  of  chronic  alcoholism  have  been  produced  in  animals  by  pure  ethyl 
alcohol.    Fnrfurol  is  also  present  in  many  forms  of  spirits,  but  in  such  small  . 

qoantitiea  ^t  it  does  not  play  any  role  in  the  symptoms  induced  by  them. 

Phkpahations. 
Alcohol  {T7.  S.  P.)  contains  92%  of  alcohol  (C^.HO)  by  weight.  *?^7I1 

Alcohol  Abaolutum  (U.  S.  P.^  o.  f.),  absolute  alcohol,  contains  not  more  ' 

than  1%,  by  weight,  of  water.  ^ 

^Ifnhql  hiTTifiim  (IT.  S.  P.)  contains  about .^l%.Jiy  weight,  of  alcohol.  H-l  Tv 

Sptriltu  Rectificatus  (B.  P.),  rectified  spirit,  contains  90  parts  of  pure  / 

alcohol,  by  volume,  and  10  parts  of  water  (85.65%,  by  weight,  of  alcohol). 

There  are  four  official  dilutions  in  the  B.  P.,  containing  70,  60,  45  and  20 

per  cent,  of  alcohol  by  volume  respectively, 

Sfhutds  FflHiMK.'n  (U.  S.  P.),  whiskey,  contains  44-50%  of  alcohol  by     iw-y^^ 

weight,  and  is  obtained  by  distillation  of  an  extract  of  fermented  grpin.  ' 

gpntiTDB  Vmi  Gallici  (U.  g.  P.,  B.  P.l.brapjjy.  contains  39-47%  of      ^1-41% 

alcobol  by  weight,  and  is  obtained  by  the  distillation  of  fermented  grape  ' 

Non-pharmacopceial  spirits,  which  are  osed  occasionally  in  medicine,  are 
gin  and  mm. 
■ "^  <^ 
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These  BpirttH  all  contain,  roughly  speaking,  about  one  half  as  much  alco- 
hol as  the  tlirefe  concentrateid  alcohols  of  the  U.  S.  P.  or  the  rectified  spirits 
of  the  B.  P.  They  contain,  in  addition  to  the  ethyl  alcohol  proper,  numbers 
of  othpf  Y"*^*^^  aubstanceB.  some  of  which  are  alcohols  of  the  same  series  . 
as  ordinary  alcohols ~l[huty lie,  amylic,  etc.),  while  others  are  of  entirely 
unknown  constitution — the  oenanthic  ethers.  Brandy  and  whiskey  act  very 
.  mnch  in  the  same  way  as  pure  alconoi.  ^hen  freshly  distilled  they  are  more 
I  irritant  and  less  pleasantly  flavored  than  when  kept  for  some  years  bnt  do 
not  seem  more  deleterious.  UtimqTviiia  n|;}j^]-  nrenaratJons  cop''"''aing  '"T;" 
qiiQijjfioa  nf  .innhj^i  fluch  as  the  spJrits  of  the  volatile  oila.  mi^ht  also  be 
included  in  this  group,  but  t'  '  '     ' 


s  group,  but  tbey  are  not  used,  as  a  general  rule,  for  the  same 

purposes  as  the  alcoholic  preparations  proper,  and  their  effects  are  in  part 

due  to  the  volatile  oils  contained.     Some  of  them  have,  however,  been  em- 

f  ployed  as  intoxicants  instead  of  brandy  or  whiskey,  and  £«(  de  Cologne  and 

/  other  essences  have  gained  a  certain  notoriety  as  a  meanU  Of  wjcM  drinking 

I   among  women.     The  liqueurs  are  too  numerous  to  mention,  and  their  com- 

I  position  is  extremely  diverse.     Many  of  them  contain  considerable  qnanti- 

I  ties  of  sugar,  and  the  combination  of  alcohol  and  sugar  would  seem  peculiarly 

deleterious  to  the  gastric  mucous  membrane.     Others,  such  as  cherry  water 

(Kirschwasser) ,  contain  hydrocyanic  acid,  and  the  others  varioi^  bodies  ot 

tiie  volatile  oil  series.    None  of  ikem  seem  to  have  any  properties  which  would 

recommend  their  use  in  therapeutics. 

The  Wines  and  Beers  are  much  weaker  preparations  of  alcohol.  The 
F.  8.  P.  recognizes  two  forms  of  wine,  VinfmAlbum  (white  wine)  and 
VnrPM  Rdbbum  (red  wine,  elaret).  These^^lB  UfltSBi  7-12%  of  ^cohol 
by  weigLl,  along  with  1.5-3%  of  solid  matter  in  the  whtli  Wlhe  and  1.6- 
3.5%  in  the  red.  The  Vindh  Xbricuu  (sherry)  of  the  B.  P.  contains  not 
less  than  16%  of  alcohol  by  volume,  while  the  Vhtum  AmiAHTn  (B.  P.),  or 
orange  wine,  contains  10-12%  by  volume.  In  addition,  the  wines  contain 
the  same  volatile  constitaents  as  brandy,  although  in  smaller  amounts. 
Other  wines  are  prescribed  in  medicine,  some  of  which,  such  as  port 
^15-20%),  contain  lai^r,  and  others  smaller  quantities  of  alcohol  (hock  and 
champagne  8-13%).  Thp  twI  winwi  i-nntain  B  fnym  of  tannic  acid  derived 
fritm  tihp  "'""  "^  *^°  r^Cf°  "*^  both  red  and  white  often  contain  consider- 
able  quantities  of  acids,  chiefly  tartaric  acid.  The  amount  of  sugar  varies 
with  the  different  wines,  and  in  fact  in  wine  from  the  same  locality  but  of 
different  seasons.  These  constituents  may  lend  to  the  wines  a  local  dele- 
terious action  on  the  stomach,  more  especially  when  they  are  taken  habitually. 
Chwnpagne^  and  the  other  sparkling  wines  contain  large  qoantities  of  car- 
hnniff  Y'"^-  ^li'ch  acts  as  a  stimulant  to  tGe  gastric  ulUllUlUl  ffleillbnuies. 
Champagne  is  considered  one  of  the  most  "  stimulant "  of  alcoholic  prepa- 
rations, although  it  contains  a  very  low  percentage  of  alcohol  compared  with 
spirits,  a  fact  which  is  of  some  signiflcance  in  the  explanation  of  the  "  stim- 
lUant "  effects  of  alcohol. 

The  b^cK  are  not  pharmacopffiial,  and  are  less  frequently  advised  than 
the  other  preparations.  They  generally  contain  a  comparatively  small  per- 
centage of  alcohol  (4r-10%),  along  with  a  lat^  amount  of  solids.  These 
Bo]ids.  consist  mainly  ST  dfattrin,  sugar  and  other  starch  products,  which  retard 
EGe  absorption  of  the  fluiSTTUnTare  oi  considerable  value  as  foods.  The  hops 
added  in  the  preparation  have  probably  no  action  save  as  bitter  stomachics. 
The  alcohol  of  beer  is  comparatively  alpgrv  fthanflied  owing  to  tbe  e^oid 
dflStciDS,  which  may  perhftps  UlilUJllQt  Kir  the  discomfort  produced  by  "ffiklt 
constituents,  and  thb  allows  time  for  fermentation  changes  in  the  sugars  and 
liqnors  in  persons  of  feeble  digestion.  When  beers  and  porter  do  not  de- 
range the  digestion,  they  are  the  most  nutritive  of  all  the  alcoholic  prepara- 
tions, owing  to  the  lai^  amount  of  carbohydrates  they  contain. 
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Tbanpffotle  TTses,- — Alcohol  is  used  extehtally  in  very  dilute  solution  ItfuuHo 
as  a  cooling  application  to  the  skin,  and  in  threatenj"g  ^u^l1an^■na^  ^jEC^^ 
which  it  is  often  applied  as  hrandj,  whiskey,  or  dilute  alcohol  in  order  Oajj^ • 
tn  hftrjjjpn  t.l^^  fipiHermis.     It  has  heen  employed  as  an  antiseptic  and 
n^jli^  jrritjint.  to  broken  surfaces,  and  if  applied  to  the  skin  in  concen- 
trated form,  and  especially  if  kept  from  evaporation,  acts  as  a  rubefa- 
cient  and  imt^t-  I^^  use  to  wash  the  skin  and  hands  before  opera- 
tIon5~ariBe8  ironiita  power  of  cleansing  the  skin  and  removing  the  oils 
and  fats  rather  than  from  its  exercising  any  disinfectant  action.     In 
the  form  of  diluted  claret  it  is  not  infrequently  used  as  an  astringent 
gargle. 

The  indications  for  the  interrud  use  of  alcohol  are  ill  defined,  and  ' 
cases  which  one  physician  would  treat  with  alcohol  often  seem  to  pro- 
gress as  favorably  without  it  in  the  hands  of  another.  It  is  not  suffi-  * 
ciently  recognized  that  this  drug  possesses  aerftral  different  qualities,  as 
local  irritaptjarcotic  and  food  and  that  while  one  property  considered 
alone  migbt  render  it  unadvisaole  in  a  given  condition,  the  deleterious 
effect  induced  in  this  direction  may  be  more  than  counterbalanced  by 
its  valuable  results  in  other  directions.  At  the  same  time  it  would  be 
preferable  in  most  cases  to  substitute  for  this  conjunction  of  good  and 
bad  properties  other  drugs  with  a  less  extended  sphere  of  action. 

One  series  of  symptoms  which  is  often  treated  with  wines  is  of  gas- 
tric origin,  and  is  manifested  in  want  of  appetite  and  enfeeblement  of 
tbff  ilijgptffi'mi ;  in  some  of  these  ca^ea  itie  alcotiolit;  preparations  seemlo 
be  be^j^licial,  while  in  others  they  appear  to  be  positively  harmful. 
This  may  be  explained  by  the  effect  of  alcohol  on  secretion  and  absorp- 
tion,  only  those  cases  in  which  secretion  is  deficient  being  benefited, 
but  the  tastes  of  the  patient  are  also  an  important  factor;  if  he  enjoys 
the  taste  and  odor  of  wine,  its  administration  may  promote  his  appe- 
tite, while,  cm  the  other  hand,  if  be  has  a  distaste  for  wine,  it  will 
prove  harmful.  There  is  no  question  that  the  fimctions  of  the  stomach 
are  increased  by  pleasing,  and  retarded  by  unpleasant  tastes  and  odors. 
In  these  cases  "  dry  "  wines  are  to  be  preferred,  as  the  sugar  of  the 
sweet  wines  may  irritate  the  stomach ;  champagne  may  be  used,  and 
the  wine  ought  to  be  given  immediately  before  or  during  a  meal. 

Cases  of  bemorrbage,  shock  and  other  forms  of  severe  and  sudden  / 
depression  of  the  heart  and  central  nervous  system  are  very  frequently 
treated  by  the  administration  of  strong  alcoholic  preparations,  such  as 
brandy  and  whiskey,  this  treatment  being  based  upon  the  belief  that 
alcohol  is  a  cardiac  and  respiratory  stimulant,  the  grounds  for  which 
have  already  been  examined.  It  is  extremely  difficult  to  estimate  the 
value  of  a  remedy  in  these  conditions,  and  it  is  possible  that  the  irri- 
tant action  of  alcohol  in  the  stomach  may  increase  the  activity  of  the 
medullary  centres  reflexly,  or  that  by  ita  narcotic  action  it  may  lessen  ^ 
the  anxiety  and  pain  of  the  patient.  But  the  beneficial  effects  of 
alcohol  in  these  cases  has  been  much  questioned  in  recent  years,  and 
the  belief  that  it  is  of  little  value  is  certainly  more  widely  held  at 
present  than  at  any  previous  time;  in  experimental  shock  in  animals, 
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Crile  found  that  alcohol  generallj  increased  the  danger  when  given 
in  average  dosea,  and  that  smaller  doses  had  no  beneficial  effects,  but 
it  is  quite  possible  that  in  man  different  results  maj  be  obtained  from 
alcohol  acting  as  a  narcotic  and  removing  nervous  symptoms  which 
would  not  arise  in  the  lower  animals. 

In  sudden  chill  with  a  tendency  to  fever,  alcohol  is  oft^i  of  great 
benefit,  especially  when  taken  in  the  form  of  brandy  or  whiskey 
diluted  with  hot  water.  Its  efficacy  here  would  seem  due  to  the  relief 
of  the  congestion  of  the  internal  organs  by  the  return  of  the  blood  to 
the  akin. 

In  many  cases  of  acute  infiammatory  disease,  the  prescription  of 
alcohol  seems  to  be  attended  with  benefit,  while  in  others  it  seems 
rather  to  increase  the  severity  of  the  symptoms.  No  special  indica- 
tions can  be  given  for  alcohol  in  these  cases,  and  the  physician  must  be 
guided  by  its  effects.  An  old  rule  advised  that  if  the  pulse  becomes 
slower,  the  temperature  falls,  the  respiration  is  deeper,  the  nervous 
symptoms  are  ameliorated  and  the  skin  becomes  moister  after  the 
administration  of  alcohol,  the  treatm^it  ought  to  be  continued;  but 
this  is  merely  equivalent  to  advising  the  continued  administration  of 
alcohol  when  it  is  found  to  improve  the  symptoms.  The  effect  of 
alcohol  in  these  cases  is  oft«n  said  to  be  a  stimulant  one  on  the  heart 
and  central  nervous  system,  but  it  would  rather  seem  to  allay  the  irri- 
tability of  the  nervous  centres,  and  thus  reduce  the  delirium  and  slow 
the  heart  and  respiration  by  lessening  the  muscular  movement.  More- 
over, the  tissue  waste  is  much  increased  in  fever,  and  at  the  same  time 
the  food  absorption  is  less  than  normally,  so  that  many  of  the  symp- 
toms may  be  due  to  starvation  of  the  tissues.  The  food-value  of 
alcohol  is  imchanged  by  the  presence  of  fever  (Ott)  ;  it  demands  less 
energy  from  the  digestive  organs  than  fats  and  starchy  foods,  and  has 
a  higher  value  as  a  producer  of  energy  than  sugar.  It  cannot  supply 
the  place  of  the  nitrogenous  foods,  but  given  along  with  them,  may 
lead  to  a  greater  economy  of  the  tissues.  And  Kochmann  has  recently 
shown  that  in  starvation  life  may  be  considerably  prolonged  by  the 
administration  of  alcohol  in  small  quantities.  Strong  wines  or  di- 
luted spirits  are  generally  employed  here  and  ought  to  be  given  in 
ilpiall  quantities  freouentlv.  Alcohol  was  formerly  advocated  espe- 
eially  in  septic  conditions,  and  here  it  may  be  of  value  on  the  same 
grounds  as  in  acute  fevers,  although  it  does  not  seem  to  have  any 
BPecific  action  in  septic  disease,  as  was  once  believed.  A  protest  has 
recently  been  raised  against  the  use  of  alcohol  in  these  cases,  on  the 
ground  that  animals  subjected  to  alcohol  succumb  more  readily  to 
infection  than  controls  which  have  received  no  treatment,  and  this 
has  been  shown  to  be  true  even  when  the  dose  of  alcohol  was  propor- 
tionate to  that  often  advised  in  the  treatment  of  these  cases  in  man 
(Laitinen).  This  is  undoubtedly  an  objection  of  great  weight,  but 
it  must  not  be  forgotten  that  though  alcohol  may  be  deleterious  in  this 
way,  this  may  be  more  than  compensated  for  by  its  value  as  a  food, 
and  by  its  narcotic  effects  allaying  the  nervous  irritability  and  pro- 
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moting  sleep ;  this  narcotic  action  may  very  well  be  conceived  to  Be  of 
benefit  to  man,  while  actually  prejudicial  to  animale. 

In  some  chronic  forms  of  nervous  disease  alcohol  may  also  be  of 
value,  althotigh  its  administration  must  always  be  guarded,  owing  to 
the  tendency  to  the  fonnation  of  the  alcohol  habit.  Thus,  in  some 
forms  of  melancholia  and  of  neuralgia  it  gives  relief,  partly  probably 
through  its  depressant  action  on  the  brain  and  partly  from  its  local 
action  on  the  digestion.  Some  authorities  recommend  the  use  of 
alcohol  in  small  quantities  in  cases  of  distress  of  mind  from  any 
cause,  such  as  grief,  business  anxiety  or  depression,  and  undoubtedly 
alcohol  improves  these  conditions  by  its  narcotic  action  on  the  brain. 
But  the  danger  of  the  alcohol  habit  is  so  great  that  many  physicians 
refuse  to  take  the  responsibility  of  prescribing  the  drug  in  these  cases. 

In  chronic  conditions  of  cachexia  and  loss  of  flesh  in  general,  and 
during  convalescence,  alcoholic  preparations  are  often  advised  simply 
as  foods,  and  in  these  cases  the  ales,  beers  and  porters  are  generally  to 
be  preferred  to  the  others,  provided  always  that  the  stomach  is  not 
irritated  by  them,  as  they  contain  other  food-stuffs  of  value  in  addi- 
tion to  the  alcohol. 

Id  poisonous  snake  bite,  alcohol  is  generally  administered  in  enor- 
mous quantities,  either  as  whiskey  or  brandy,  but  it  is  really  of  no 
value  in  these  cases. 

Alcohol  is  of  value  as  a  mild  hypnotic,  a  comparatively  small  quan- 
tity taken  before  retiring  being  often  sufficient  to  secure  quiet  and 
refreshing  sleep.  £eer  or  spirits  and  water  is  generally  used  for  this 
purpose. 

Brandy  has  a  certain  reputation  in  the  treatment  of  the  milder 
forms  of  diarrh(ea,  while  the  other  spirits  have  no  effect  in  this  condi- 
tion.    The  way  in  which  it  acts  here  is  unknown. 

In  the  prescription  of  alcohol,  the  ordinary  spirits,  brandy  or 
whiskey,  are  very  much  more  frequently  advised  than  the  purer 
preparations,  as  the  latter  are  more  apt  to  pall  upon  the  taste  of  the 
patient.     Bgth  of  these  spirits  ought  to  be  diluted  with  at.  leaal:  an 

equal  OUITlfil^y  ^f  ■maij.x—  TKo  -minpa  aro  n^nrf  iiaf.1  in  ^bwrniV  condi- 
tions, although  diluted  spirits  may  be  advised  here  also.  Beers  are 
employed  only  in  debility  unaccompanied  by  gastric  symptoms. 

Alcohol  can  be  given  to  children  in  relatively  larger  quantities  than 
to  adults,  and  again  in  old  age  no  such  reduction  in  the  dose  is  re- 
quired as  in  the  case  of  many  other  drugs.  Where  a  tolerance  for 
alcohol  has  been  established,  the  dose  has  often  to  be  more  than  doubled 
in  order  to  have  any  effect,  and  in  acute  febrile  conditions  very  large 
quantities  of  alcohol  are  often  given  without  intoxication,  though  it 
seems  questionable  whether  an  equally  beneficial  result  could  not  he 
attained  with  much  smaller  doses.  In  gastric  irritation,  most  prepa- 
rations of  alcohol  are  contraindieated,  but  champagne  is  often  of 
benefit  in  checking  vomiting,  especially  that  of  pregnancy  and  of  sea- 
sickness, this  ei!ect  being  due  to  the  carbonic  acid,  not  to  the  alcohol. 
In  nephritis  and  other  inflammatory  conditions  of  the  genito-urinary 
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tract,  alcohol  is  generally  avoided  on  account  of  its  supposed  effects  (xa 
the  epithelium. 

In  regard  to  the  habitual  use  of  alcohol  by  healthy  persons  all 
authorities  agree  that  it  is  a  luxury,  that  it  is  entirely  unnecesaary  for 
the  growth  and  maintenance-^  ***^  hfl^iTi  ^"^  that  tnlfPTi  i"  jgg^^T"?^^"" 
<|llflfltitie8  it  18  harmieaa.  except  from  tha  <laiifp>r  that  fbia  rnny^parl  tit 
the  babit  Uiing  furilHiJlr  'Vhe  liubltual  indulgence  in  alcohol  to  excess 
is-nrore  easily  intelligible  than  some  other  (ironic  intoxications,  for, 
unlike  nicotine,  alcohol  is  taken  not  only  for  its  local  effects  on  the 
organs  of  taste  and  on  the  mucous  membranee  of  the  mouth  and 
stomach,  but  also  for  its  action  on  the  brain  in  numbing  the  conscious- 
ness of  unbappiness,  and  this  weakening  of  the  higher  senaibilitiefl 
by  drink  is  generally  the  object  sought  by  the  drunkard.  He  finds 
that  under  alcohol  bis  habitual  depression  disappears,  and  he  loses  the 
sense  of  degradation  and  remorse  which  possesses  him  when  sober. 
The  depression  returns  in  exaggerated  form  after  the  effects  of  the 
drug  have  passed  off,  but  it  can  be  removed  again  by  the  same  means, 
and  in  this  way  the  habit  is  formed,  each  successive  dose  being  ren- 
dered necessary  by  the  depression  produced  by  its  predecessor.  This 
descent  into  chronic  drunkenness  is  facilitated  by  tiie  lessening  of  the 
self-control  owing  to  the  action  of  alcohol  on  the  brain.  The  victim 
may  form  the  best  of  resolutions,  but  hie  impaired  will  power  and 
aelf -control  are  unable  to  carry  them  out. 

The  symptoms  of  Obronic  AlcoliollBm  are  unfortunately  common,  but 
may  be  treated  better  in  detail  in  connection  with  various  forms  of 
disease,  with  which  they  are  associated  more  closely  than  with  the 
effects  produced  by  the  medicinal  use  of  the  drug.  The  earliest 
symptoms  are  generally  observed  in  the  stomach,  throat  and  larynx, 
and  consist  of  a  chron i c  cat arrh .  which  is  oiten  accompanied  by  skin 
affections,  such  as  injecRCH  of  the  cutaneous  vessels  (especially  of 
those  of  the  face),  acne  or  pustular  eruptions.  The  irritation  spreads 
from  the  stomach  to  the  liver  and  kidney,  and  produces  fatty  degen- 
eration and  necrosis  of  the  cells.  The  fatty  degeneration  ia  also 
found  in  the  arterial  walls  throughout*  the  body,  and  causes  atheroma 
and  arterio-ecleroeis,  which  may  lead  to  small  aneuryraual  dilata- 
tions, ecchymoses,  or  apoplexy.  The  heart  undergoes  more  or  less 
fatty  change,  which  is  accompanied  by  dilatation  and  weakness. 
In  the  central  nervous  system,  the  nutrition  is  imperfect  owing  to 
the  vascular  changes,  but  in  addition  to  this,  alcohol  has  a  special 
action  on  the  neurons,  which  is  betrayed  by  the  disappearance  of 
the  chromatin  granules,  and  eventually  by  shrinkage  of  the  whole 
cell.  The  dendrites  show  moniliform  enlargements  along  their  course, 
and  in  the  later  stages  the  finer  dendrites  disappear  entirely.  These 
alterations  in  the  central  nervous  system  lead  to  impairment  of 
memory,  aelf-coutrol  and  the  other  higher  mental  process^.  -Tiemm. 
convulsive  attacks,  hallucinations  and  mania  are  eventually  followed 
by  idiocy  and  paralysis  in  the  worst  forms  of  the  disease.  The 
peripheral  nerves  seem  to  be  acted  on  directly  as  well  aa  through  the 
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changes  in  the  centres,  for  neuritis  has  been  frequently  observed,  end- 
ing in  local  paralysis.  A  form  of  amblyopia  commencing  by  atrophy 
of  the  retinal  ganglion  cells  and  later  extending  to  the  fibres  of  the 
optic  nerve  has  recently  received  some  attention;  it  is  much  more 
readily  elicited  by  methyl  than  by  ethyl  alcohol.  A  characteristic 
result  of  chronic  alcoholism  is  delirium  tremens,  an  acute  attack  of 
insanity,  which  is  liable  to  occur  after  any  shock,  such  as  hemorrhage 
or  acute  disease,  but  which  is  said  to  he  also  produced  by  the  sudden 
withdrawal  of  alcohol,  and  aometiines  occurs  without  any  apparent 
immediate  cause.  It  is  characterized  by  tremor,  perspiration,  sleep- 
lessness, fttf"-,  t-gi'itflmpnt.  flnd  hallucinations  ol  the  various  senses, 
wtucti  ditter  from  many  other  hallueinatitma  of  insanity  in  consisting 
of  lh6  multiple  appearance  ot  the  same  obiect.  These  objects  are 
otten  animals,  such  as  snakes,  rats,  dogs,  but  the  hallucinations  are 
not  confined  to  those  of  sight,  for  whispering  voices  are  complained 
of  not  infrequently. 

The  more  severe  forms  of  chronic  alcoholism  are  confined  almost  I 
entirely  to  tbe  drinkers  of  undiluted  spirits.  Beers  and  wines  seldom  I 
have  any  distinct  action  on  the  brain  in  themselves,  unless  spirits  are'l 
also  indulged  in.  The  abuse  of  the  weaker  preparations  of  alcohol  is 
always  liable  to  lead  to  that  of  the  stronger,  however,  as  tolerance  is 
established  and  the  former  lose  their  effect.  The  combination  of 
spirits  and  malt  liquors  is  said  to  be  more  liable  to  produce  delirium 
tremens  than  the  abuse  of  either  alone. 

The  disastrous  effects  of  tbe  abuse  of  alcohol  are  seen  in  the  statis- 
tics of  the  hospitals,  prisons  and  asylums,  and  unfortunately  these 
show  an  increase  in  the  number  of  victims  almost  every  year  and  in 
nearly  all  countries,  but  more  especially  in  those  in  which  the  popula- 
tion is  addicted  to  spirits.  In  Prussia  in  1886-1888,  11  per  cent 
of  the  cases  admitted  to  the  insane  asylums  were  diagnosed  as  directly 
due  to  alcoholic  excess,  while  in  one  of  the  Berlin  asylums  the  enor- 
mous percentage  of  47.4  of  the  admissions  were  found  to  be  addicted 
to  alcohol.  In  France,  in  1888,  one  eighth  of  the  cases  of  suicide 
were  due  to  alcoholic  excess.  In  Paris,  72  per  cent,  of  tbe  convicted 
criminals  in  one  year  were  found  to  be  chronic  alcoholists,  while  the 
proportion  in  Berne  Canton  was  about  40  per  cent.  These  numbers 
are  officially  certified  to  be  correct,  but  give  only  an  imperfect  idea 
of  the  deplorable  results  of  alcoholic  abuse,  as  only  the  more  extreme 
cases  come  under  the  categories  of  criminals  or  lunatics,  and  the  enor- 
mous number  of  cases  of  disease  directly  caused  or  a^ravated  by  the 
lesions  due  to  alcohol  escapes  recognition.  At  the  same  time,  it  is 
b^inning  to  be  appreciated  that  chronic  alcoholism  itself  is  probably  \ 
due  to  a  mental  defect,  so  that  in  a  certain  number  of  these  cases  of  | 
insanity  and  crime,  the  over-indulgence  in  alcohol  must  probably  be  ) 
considered  a  symptom  and  not  a  cauae.  Attempts  have  been  made  of 
late  years  to  demonstrate  that  the  effects  of  alcohol  are  hereditary, 
that  the  children  of  alcoholists  supply  s  larger  proportion  of  cases  of 
insanity  and  crime  than  those  of  the  rest  of  tbe  population.     The 
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belief  is  widely  entertained  among  biologists,  however,  that  acquired 
characters  auch  as  pltrobnliam  ara  Tint  jn^pritpH  Hirently,  h^'lj^an  only 
."a'tfect  the  nutrition  of  the  QffBpri.sg^  It  would  seem  more  probable, 
I  tnen,  that  the  alcoholic  excesses  oftiie  parent  have  no  direct  effect  on 
I  the  offspring,  except  in  their  nutrition  at  birth,  but  that  the  mental 
I  defect  which  leads  to  alcoholic  excess  in  the  one  ^Deration  is  inher- 
ited and  leads  to  crime  or  insanity  in  the  next.  The  deleterious  effect 
of  the  alcoholic  habit  in  the  parent  on  the  nutrition  of  the  offspring 
is  a  well-established  fact.  It  has  been  shown  experimentally  by 
!odge,  who  states  that  only  a  small  percentage  of  the  puppies  bom 
of  parents  treated  with  alcohol  survive,  and  further  they  are  pecu- 
liarly liable  to  infectious  disease,  such  as  distemper. 

The  treatment  of  acute  alcohoUe  intoxication  is  to  evacuate  the 
stomach  by  means  of  the  soft  elastic  tube.  The  patient  ought  to  be 
put  in  bed  and  kept  warm,  as  there  is  a  tendency  to  a  marked  fall  in 
the  body  temperature.  In  case  of  great  congestion  of  the  brain,  cold 
may  be  applied  in  the  form  of  ice-bags  to  the  head,  and  some  authori- 
ties recommend  bleeding.  In  cases  of  extremely  deep  unconscious- 
ness, nervous  stimulants,  such  as  caffeine  or  strychnine,  may  be  had 
recourse  to,  and,  as  a  last  resort,  artificial  respiration. 

Chronic  alcoholism  is  to  he  treated  by  the  withdrawal  of  the  poison, 
and  this  is  best  done  gradually,  as  the  immediate  stoppage  may  lead  to 
delirium  tremens.  It  is  often  necessary  to  incarcerate  the  patient  in 
some  retreat.  A  large  number  of  drugs  have  been  advocated  in  these 
cases,  some  of  them,  such  as  opium,  acting  as  substitutes  for  alcohol, 
others  (capsicum)  replacing  the  local  action  on  the  stomach.  The  use 
of  opium  and  other  narcotics  may,  however,  lead  to  a  craving  for  these 
which  is  quite  as  serious  as  the  original  condition.  Another  method 
uf  treatment,  which  appears  to  be  successful  in  some  cases,  is  the  addi- 
tion of  nauseating  drugs  such  as  ipecacuanha  or  apomorphine  to  the 
alcohol  which  is  supplied  to  the  patient.  The  association  of  nausea 
with  liquor  eventually  becomes  so  strong  that  alcohol  in  any  form 
becomes  distasteful.  The  organic  lesions  must  be  treated  individually. 
The  treatment  of  delirium  tremens  generally  consists  in  the  use  of 
chloral  or  opium  to  lessen  the  excitement.  It  is  often  necessary,  or  at 
any  rate  advisable,  in  these  cases  to  allow  small  quantities  of  alcohol, 
as  the  sudden  withdrawal  mav  aggravate  the  condition. 
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^  2.  General  Anesthetics — ^Ether  and  Chloroform. 
The  tenn  general  an^thetics^  is  employed  to  indicate  substances 
used  to  produceTrnCrasciousneas  sufficiently  complete  to  allow  of  sur- 
gical operatioDB  being  performed.  In  the  history  of  medicine  there 
are  repeatedly  obscure  allusions  to  substances  used  for  this  purpose,  but 
it  was  not  until  the  end  of  the  first  half  of  the  pinptRPTitb  wjintnry  that 
the  era  of  surgical  ansesthesia  really  opened.  In  1798  Davy  advised 
the  use  of  nitrous  oxide  as  an  ansasthetic,  but  no  practical  use  was 
made  of  his  suggestion,  and  Wells  may  be  said  to  have  rediscovered 
this  property  of  the  gas  in  1844,  though  his  efforts  to  introduce  it  into  ,.  ■> 

general  use  met  with  no  greater  success  than  Davy's.  Long^useJ  »U(*il«. 
ether  in  1842—1843  in  surgical  operations,  but  did  not  give  any  pub- 
licity to  his  discovery,  and  the  honor  of  demonstrating  publicly  the 
practical  use  of  ether  in  surgery  must  be  awarded  to  Jackson  and  <^lt- 
Horton  in  1846.  In  1847  Simpson  introduced  cnioroform  to  the 
medical  profession  as  a  substitute  for  ether,  over  which  he  supposed 
it  to  poese.ss  several  advantages.     Its  pharmacological  action  had  been 
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investigated  some  mouths  earlier  bj  Tlourena,  but  Simpsou  appears 
to  have  made  his  investigations  quite  independently.  Chloroform 
soon  ousted  ether  in  popular  favor  iu  Europe,  and  although  in  America 
a  considerable  number  of  surgeons,  continued  to  use  it,  ether  bad  prac- 
tically fallen  into  complete  disuse  throughout  Europe,  save  iu  Lyons, 
until  a  few  years  ago.  The  continually  increasing  number  of  acci- 
dents in  chloroform  ansesthesia  has,  however,  caused  a  reaction  to  set 
in  in  favor  of  ether,  and  it  seems  probable  that  it  will  once  more  be 
reinstated  as  the  rival,  and  perhaps  as  the  superior,  of  chloroform 
throughout  the  world.  Even  in  1880,  however,  Kappeler  could  write 
that  in  Germany  chloroform  was  used  exclusively. 

Many  attempts  have  been  made  to  introduce  other  substances  of 
the  methane  series  as  substitutes  for  the  two  generally  recognized 
sneesthetica,  but  as  yet  no  other  has  attained  popular  favor.  Soon 
after  the  introduction  of  ether  and  chloroform,  nitrous  oxjde  gained  a 
permanent  footing  as  an  anaesthetic  fyr  ghnrt.  f.paT-ntiQna 

These  antesthetics  are  invariably  given  by  inhalgtion  and  not  by  the 
stomach,  as  it  is  found  that  the  exact  depi^T!  ^^^  tTm  tiarr-iiHiH  can  be 
much  more  easily  controlled  by  the  former  method.  Both  the  absorp- 
tion and  excretion  of  these  drugs  occur  almost  entirely  by  the  lungs, 
according  to  the  ordinary  physical  laws  of  the  absorption  of  gases  by 
fluids.  The  more  concentrated  the  vapor  of  chloroform  in  the  lungs, 
the  greater  is  the  quantity  absorbed  into  the  blood  and  the  deeper  the 
narcosis.  By  regulating  the  proportion  of  the  vapors  in  the  air  in- 
haled, therefore,  an  aniesthesia  of  any  desired  depth  may  be  induced. 
(The  degree  of  narcosis  and  of  danger  is  not  indicated  by  the  actual 
amount  of  the  amesthetic  which  has  been  used,  but  by  the  concentra- 
I  tion  of  the  vapors  which  have  been  inhaled ;  one  pati^t  may,  in  the 
1  course  of  a  long  operation,  inhale  and  again  exhale  many  ounces  of 
I  chloroform  without  danger,  while  another  may  he  thrown  into  a  posi- 
\  tion  of  extreme  peril  by  the  inhalation  of  a  few  drops  of  chloroform 
in  concentrated  vapor. 

STmptomfl.^ — The  action  of  chloroform  and  ether  may  be  divided 
into  three  stages:  1,  that  of  imperfect  consciousness;  2,  that  of  excite- 
ment ;  3,  that  of  ansestbesia. 

The  first  effect  of  their  application  is  a  feeling  of  gaphyxia,  which  is 
especially  marked  in  the  case  of  ether,  and  of  warmth  ot  the  face  and 
head  and  eventually  of  the  whole  body.  The  senses  become  leBS_acutg, 
the  patient  seeming  to  see  only  through  a  veil  of  mist,  and  the  voices 
0^  tJiose  in  the  immediate  neighborhood  appearing  to  come  from  a 
distance.  Bingigg,  higging  and  roaring  in  the  ears,  and  a  feeling  of 
stiffness  and  of  inability  to  m^ve  the  limbs  herald  the  approach  of 
unconsciousness.  With  the  exception  oi  tlie  tirst  feeling  of  suffoca- 
tion, the  sensations  are  generally  pleasant.  During  this  stage  the 
faff  is  generallyjlushed,  the  pupils  enlarged,  the  pulse  is  somewhat 
accelerated,  ana  tlie  respiration  may  be  rendered  ii^^gular^by  the 
sen'se'oT  sufiocation,  or  may  be  slightly  quickened.  Even  at  this  early 
stage  sensation  is  blimted. 
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The  second  stage  of  excitement  varies  extremely  in  different  indi- 
viduals. In  some  cases,  especially  in  children,  it  is  entirely  absent, 
and  in  others  its  presence  may  be  indicated  merely  by  ijsiO'^  by  the 
°*'^tf^'"Pi  '*^  tbe  limbs,  or  by  iiregularitieain^e  resmration,  btit  in 
tne  majority  of  cases  of  anaasthesia  it  is  much  more  marEed.  It  often 
begins  by  movements  of  the  arms,  designed  either  to  push  away  the 
inhalation  mask  or  to  enable  the  patient  to  rise ;  soon  his  other  mus- 
cles are  involved  in  the  movement ;  he  strug^es,  shouts,  sings,  groans, 
or  bursts  Jntft^ughter.  -  The  movements  are  not^  gene  rally  uncoor- 
dinated, but  are  evidently  tbe  result  of  some  dream-like  condition  of 
tBe~Ccmsciousne3B,  and  these  dreams  are  often  connected  with  tbe 
operation  or  with  tbe  surroundings  of  tbe  patient  before  the  inhalation 
began.  They  are,  of  course,  determined  largely  by  his  natural  mode 
of  thought — one  person  prays  aloud  and  sings  hymns ;  another  abuses 
the  surgeon,  the  hospital  and  all  his  recent  surroundings,  while  yet 
another  is  overcome  with  the  fear  of  impending  death  and  laments 
his  unfortunate  position.  In  this  stage  the  Qulse  is  generally  quick- 
ened, the  skin  is  flushejj  and  of  ten_cyanotic,  the  respiration  is  extremely 
i^egulaL.  f rom  the  struggling,  and  the  pupil  continues  somewhat 
di^feS.  ff  the  iinsesthetic  Be^  pushed,  howevef^  the  movements  soon 
become  less  powerful,  the  muscles  relax  and  the  stage  of  antesthesia 
sets  in. 

In  the  third  stage  the  face  assumes  a  calm,  4GatlL-like_a£seax^ce 
from  the  r^axatioiLflf,the  muscles,  the  pupils  pontrni^t  somewhat  and 
dft.»t*^  ?^^ffM?nigbt.  Ther^tetes  disappear.  on£_of  the  Ia8t_tSLgo  i 
beinp  Ijie  cIogTire  of  tbe  eyfilina  on  touching  the  comea.  The  pulse  b"  r  iSjE 
18  generally  somewhat  slow  and  weak ;  the  face  is  pale  in  chloro-^g^ 
form  aneesthesia,  but  may  be  suffused  and  cyanotic  after  ether.  The 
respiration  is  slow  and  shallow,  but  regular.  This  stage  of  aniesthesia 
may  be  kept  up  for  hours  without  much  change  by  the  repeated  inha- 
lation of  small  quantities,  although  the  pulse  tends  to  become  weaker 
and  the  respiration  shallower  unless  the  greatest  care  be  exercised,  and 
the  body  temperature  invariably  sinks.  Whrn  iTir  nrfminintrntimi 
ceases,  the  patient  passes  again  through  tjin  P^i^^^PTlfflti  °^°ff,  '°*^ic^. 
however,  ih  not.  gPTiprnlly  na  violpnt,  tiltbmgh  it  may  hn  mnrr-pm- 
longed,  and  then  often  sinks  into  sleep,  which  lasts  several  hours. 
"  Not  Inf re^umtl^  ho wgy "^r ,  i  listr n  rf  n t"  n fnrp /  onnr^nn^~g'i>lflincq^otwT 
vomiting"  Coil  tinfle  for  ttumg  timo  aftor  tho  rooovory  -trf  ■  eonsciouBness. 

In  surgical  anaesthesia,  the  third  stage  is  often  interrupted  by  short  \ 
intervals  of  semi-consciousness  and  slight  excitement  if  the  adminis-  \ 
tration  of  the  drug  be  interrupted  occasionally,  as  is  sometimes  advis-  \ 
able  in  prolonged  operations. 

The  use  of  these  drugs  is  so  widespread,  and  the  indications  of 
danger  in  antesthesia  are  so  important  that  a  more  detailed  accoimt 
of  the  alterations  observed  during  their  use  in  the  human  subject  may 
be  inserted  here. 

The  pulse  is  often  somewhat  accelerated  before  ansesthesia,  owing  to 
the  anxiety  and  nervousness  of  the  patient,  and  in  the  first,  and  still 
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more  the  second  stage,  a  further  acceleration  may  occur  from  the  same 
cause,  although  in  other  instances  marked  slowing  of  the  pulse  may 
set  in  here  from  reflex  stimnlation.  When  the  stage  of  amesthesia  is 
reached,  the  pulse  becomes  slower  and  weaker  than  normally,  and  this 
change  increases  with  the  depth  of  the  amesthesia  produced.  It 
remains  perfectly  regular,  however,  in  ordinary  cases,  and,  in  fact, 
unless  the  antesthesia  has  reached  an  extremely  dangerous  stage.     In 

I  very  prolonged,  deep  anEcsthesia  the  weakness  of  the  pulse  may  give 
rise  to  anxiety,  especially  if  the  temperature  of  the  body  is  very  low. 
The  respiration  is  generally  fairly  regular  nntil  the  second  stage, 
save  that  the  breath  may  be  held  for  some  time  owing  to_the  choking 
s^sadon,  and  a  deep  gasp  may  follow ;  coughing  ijjic^sionalj^imer 
wi^K^l^^wjany  JTi  flifl  fiip^t;  fltage  of  ether"  anffi3me3ia.^Tn  the  secgad 


stage,  the  respiration  lo  crtwmely  irregular  when  the  excitement  la 
r  vToIeKtr  The  respiratory  muscles  are  involved  in  the  general  convul- 
\^ive  movements,  so  that  no  air  whatever  can  enter  the  lungs  for  several 
I  mom'SBLs,  and  then  several  deep  gasps  may  follow  and  load  the  blood 
1  wiln 'concentrated  vapor.     During  the  Uiird  stage  the  respiration 

I  becomes  regular  but  shallower  and  slower  than  before  the  anaesthetic 
was  applied,  and  if  the  operation  be  prolonged,  the  weakness  of  the 
respiration  may  give  rise  to  alarm.  Large  quantities  of  saliva  and 
I  mucus  may  hinder  the  respiration  and  require  removal,  and  a  common 
I  occurrence  is  the  production  of  snoring  from  the  falling  back  of  the 
/  tongue,  and  this  may  also  require  attention. 

The  behavior  of  the  pupil  is  of  some  importance  in  amesthesia. 
During  the  first  and  second  stages  it  is  generally  somewhat  dilated, 
hut  as  soon  as  complete  unconsciousness  is  attained,  it  becomes  rather 
narrower  ^au  it  is  normally.  As  the  patient  recovers,  the  alight 
dilatation  recurs,  and  if  the  respiration  and  circnlation  be  danger- 
ously weak,  this  dilatation  also  occurs  in  most  cases.  Dilatation  of 
the  pupil  in  the  stage  of  anfestbesia,  therefore,  indicates  danger,  unless 
it  is  accompanied  by  symptoms  of  returning  consciousness,  such  as 
reflex  movements  and  vomiting. 

Other  eye  symptoms  which  occnr  in  some  cases  are  squinting  and 
more  or  Ipsa  rbythmin  TnovBinpni^nf  fl>g  pygKall  In  the  beginning  of 
the  narcosis  the  pupil  is  generally  directed  upward  and  is  covered  by 
the  upper  lid  as  in  ordinary  sleep,  but  later  it  returns  to  the  normal 
position ;  curious  rolling  movements,  which  are  quite  independent  in 
the  two  eyes,  often  make  their  appearance  (Kappeler,  Hogyes). 
The  hypersecretion  of  saliva  and  of  bronchial  mucus  is  much  more 
r  marked  in  ether  than  in  chloroform  anEeathesia.  Vomiting  occurs  so 
frequently  during  anEeathesia  that  it  may  be  looked  upon  rather  as  on© 
of  the  attendant  phenomena  than  as  an  accident.  It  may  set  in  prac- 
tically at  any  time,  but  is  more  often  seen  in  the  late  than  the  early 
stages,  and  more  frequently  when  the  anEesthetic  is  applied  sotai  after 
a  meal  than  when  the  stomach  is  empty. 

Action. — The  action  of  ether  and  chloroform  on  the  Oaatral  NemniB 
BytUm  is  evidently  similar  to  that  of  alcohol,  although  die  phenomena 
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habitually  elicited  in  the  uae  of  the  former  are  very  rarely  produced 
by  the  latter.  In  all  three  intoxications,  however,  there  may  be  ob- 
serred  the  stages  of  lessened  consciousne^,  of  excitement,  and  of  total 
unconsciousness.  Alcohol  was  formerly  administered  in  very  large 
quantities  to  allow  of  surgical  proced- 
ure, and  ether  has  not  infrec[uentlyi  ^'°-  ^■ 
been  used  as  a  liaUtual  intoxicant.  I 
TBeSB""sn!eBthettes~proHlice  the  same' 
progresslTe  paralysis  of  the  central 
nervous  system  as  alcohol,  commencing 
with  the  highest  cerebral  functions, 
those  of  self-control,  and  paseinf^^down- 
warda_thro-^h  the  lower  jnlranran i al 


divisions^  The  smnaLccij;d  is  affected 
before  the  medullary  centres,  which 
are  the  last  part  of  the  central  nervous 
system  to  become  paralyzed.  Some 
authorities  believe  that  the  motor  areas 
of  the  brain  are  first  stimulated  before 
being  paralyzed,  but  it  is  unneces- 
sary to  enter  upon  this  question  here, 
as  it  has  been  discussed  under  alcohol. 
The  wilder  excitement  of  chloroform 
and  ether  may  be  due  to  the  greater 
irritation  which  they  excite  in  the  pe- 
riphery. It  may  he  remarked  that  the 
ftpprfB"'""  "^  *^^  mntfir  greas  has  been 
sSpgu  experimentally  hi  the  case  ~ol 
chloroform  asd^etber^  much  stronger 
electiaji.^timulu3   being   necfissaxr—to 

pr^tdlUe  mnPPmPnt  i^f  n  limh  attam  thnao 

dnif^  than  befnm  them :  their  excita- 
bility by  the  electric  current  has  not 
beentested,  however,  during  the  excite- 
ment stage.     Theana'ulilii  mih  iiiiiii(  |iiii 

linof-H   pgnfllly  T-nr?fnytTirnngtimit   tliP. 


't  of  the  cord  expoaed  ti 


^^^"thejienital      '?«  ••'  the  poaterlor   r__ 

— = .      -         ,    ,  ,"%,      ,  iof  not  elldt  a  reflex  n. 

organs  and  rectum  and,  last  of  all,  the     but  oneyeacbinK  th^  cord  fliromch 


ly  be  sent  out  by 

jllflP,  J"  In  the  unaffected 

nrea,  or  by  F",  F'  In  the  poisoned 
area.  The  cella  ol  the  anterior  horns 
f .  f  and  the  deodrltes  Burroondlug 
them  are.  therefore.  Intact  after  the 
'   terrnpted   at  aome 


reflexes  of  the  spinal  cord  are  depressed 
by  small  quantities  of  ether  or  chloro- 
form and  are  finally  paralyzed  com- 
pletely.    Both  of  the  anesthetics  affeckl  other  point. 
the  sensory  functions  before  the  motor.,! 

For  Bernstein  found  in  some  cases  thatfif  chloroform  were  excluded 
from  an  area  of  the  spinal  cord  by  destruction  of  part  of  the  pia 
mater,  refiexes  could  be  elicited  in  other  parte  of  the  cord  by  the 
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irritation  of  sensory  nerves  whose  cells  lay  in  the  protected  area, 
while  irritation  of  nerves,  the  cells  of  which  were  exposed  to  the 
chloroform,  had  no  effect  (Fig.  6).  In  the  protected  area  there  were, 
of  course,  both  motor  and  sensory  cells,  and  an  impulse  reaching  the 
protected  sensory  cell  was  transmitted  to  the  neighboring  and  also  to 
more  distant  motor  cells.  An  impulse  reaching  the  exposed  sensory 
cell,  on  the  other  hand,  was  not  transmitted  to  the  motor  cells,  although 
these  were  shown  by  the  first  part  of  the  experiment  to  be  capable  of 
stimulation.  This  experiment  is  best  interpreted  by  supposing  that 
the  ansesthetics  act  first  on  the  first  synapse  in  the  cord  that  is  met 
by  an  afferent  impulse.  Later,  however,  the  motor  cells  or  their 
synapses  are  also  paralyzed,  as  is  shown  by  stimulation  of  the  cord 

I  having  no  effect,  even  when  the  respiration  is  still  active.  Electrical 
stimulation  of  the  cerebral  motor  areas  produces  movement  for  some 
time  after  sensation  has  been  lost,  but  as  the  ansestbesia  becomes 
deeper,  their  irritability  disappears.  Finally  the  medullary  centres 
are  also  paralyzed  by  the  antesthetic.     There  is  some  evidence  that 

I  they  are  first  stimulated  directly  by  chloroform  and  ether  (page  163). 
I  The  medullary  centres  are  liable  to  be  affected  by  reffex  stimulation 
I  lup  to  the  moment  at  which  they  cease  to  send  out  impulses,  for  the 
]  Irespiratory  centre  responds  to  stimulation  of  the  superior  laryngeal 
i  Inerve  as  long  as  the  respiration  continues.  It  is  possible  that  the 
1  /  motor  cells  are  not  directly  paralyzed  by  the  drug,  but  can  only  send 
I  I  out  impulses  received  from  the  sensory  cells,  and  that  the  paralysis 
1  I  of  these  is  the  cause  of  the  asphyxia. 

Shortly  stated,  the  direct  action  of  chloroform  and  ether  on  the  cen- 
I  tral  nervous  system  is  a  descending  depression  and  paralysis  which 
I  affects  the  medullary  centres  last  of  all,  and  which  involves  the 
I  synapses  on  the  sensory  and  receptive  tracts  sooner  than  those  on  the 
'  motor  ones. 

Fra.  7. 


Tradnga  of  tbe  blood-preuare  (upper)  and  of  tbe  retplratton  (lower)  of  a  cat  at  tb« 
beElnnlDB  in  ether  Inbalatlon.  ■  A,  aoriiiBl  reaplratloD,  At  B,  etber  Inhaled,  and  tbcre 
follow!  an  Immediate  ilowlDg  of  the  reaplratlon  (reflex  Inblbltlon)  culmlDatlnK  In  gaap- 
lag  at  O.  Tbe  reaplratorr  traclns  then  resumea  It*  normal  appearance  except  tor  some 
•lowlDE  (central). 

The  action  of  chloroform  and  ether  on  the  Bespiratory  Centra  is 
partly  direct  and  partly  indirect.  In  the  first  stage,  the  respiratory 
movements  may  be  slowed  or  stopped  temporarily  by  a  reflex  action 
set  up  by  tbe  irritation  of  tbe  terminations  of  the  trigeminus  in  the 
nose  and  throat  and  of  the  pneumogastric  in  the  larynx  and  bronchi, 
but  this  interruption  is  only  of  short  duration  (Fig.  7).     During  the 
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second  atage  the  respiration  is  often  rendered  irregular  by  the  convul-  | 
aive  struggling,  which  produces  alternately  periods  of  asphyxia  and  I 
deep  gasping  movements.  During  the  third  stage,  the  respiration  is  V 
regular  and  no  reflex  disturbance  occurs,  because  the  sensibility  is  so  I 
dulled  that  the  continued  irritfltion  of  thg  nervR  enHs  causes_na,reflex  I 
responggt  In  this  atage,  however,  the  direct  action  of  tEe'Hrug  onlhe  | 
centre  makes  itself  manifest  in  the  slow  and  shallow  respiratory  move-  ' 

mentS.       Tf    fjlfl    dgUg  be    pushed,    the   TCPnlmpaa    ami    almimonfi    f^f   thf^ 

movements  increaseTuntu  tEe^espiration  ceases  entirelv  from  paralysis  . 
of  the  centre ;  in  addition  to  its  direct  action  on  the  centre,  chloroform  1 
depi^sses  tile  respiration  in  deep  ansesthesia  by  inducing  aiuemia  of  | 
the  medulla  through  its  effects  on  the  circulation.  In  man  and  the  | 
dog  and  cat  the  respiration  is  gradually  extinguished,  but  in  the  rabbit 
the  final  standstill  is  preceded  by  very  rapid  and  extensive  respiratory 
movements. 

The  effects  of  the  anaesthetics  on  the  OirculatioB  are  complicated  by 
the  respiratory  action,  and  in  order  to  arrive  at  any  satisfactory  con- 
clusions as  to  the  changes  tn  the  heart  and  vessels,  it  is  therefore  neces- 
sary to  examine  their  action  while  the  aeration  of  the  blood  is  carried 
on  artificially,  when  the  effects  are  seen  to  be  partly  direct  and  partly    . 
indirect.     The  first  change  observed  in  the  blood-pressure  tracing,  ■ 
after  chloroform  or  ether  is  often  a  slowing  or  even  a  temporary  stand-  \  ' 
still  of  the  heart,  due  to  reflex  stimulation  of  the  inhibitory  centre  1 
from  the  irritation  of  the  air  passages;  but  in  other  cases  a  short  rise/ 
in  the  blood-pressure  is  seen  from  a  similar  reflex  action  on  the  vaso-/ 
motor  centre,  and  this  may  he  accompanied  by  extreme  acceleration  of! 
the  pulse  arising  from  the  general  excitement.     Later,  however,  a  falll 


rtJUmjuiAjuvAA  j\i 


OradDat  fall  of  the  blood-premnre  In  a  cat  during  aueatbmla  with  dilute  chloroform 
vapor.  At  A,  normal  prewure.  B,  Inhalation  commenced  and  the  preaiure  bIowIt  ralla 
aooi  afterward!.  O,  bfood-preMare  B  mlnuteB  after  B.  D,  10  mlnnfea  after  B.  „?,  IfH 
mlnalea  later.  At  E,  the  reaptratlon  baa  ceased,  but  the  blood-preaaare  la  Itlll  lalrlj 
high  and  the  pnlae  Is  aatlafactor;.    Below  the  timg  1b  oiarlEed  In  aecondi. 

in  blood-pressure  is  observed,  and  afterwards  a  distinct  slowing  of  the  I 
heart.     Eventually,  if  the  administration  be  carried  far  enough,  the  I 
blood-pressure  falls  to  zero  and  the  heart  ceases  to  heat.     The  way  in  » 
which  this  fall  in  the  blood-pressure  is  produced  has  been  the  subject 
of  prolonged  discussion,  but  it  is  now  generally  recognized  that  the 
weakness  of  the  heart  is  the  chief  factor  and  that  along  with  this  there 
is  dilatation  of  the  peripheral  vessels.     The  blood-pressure  in  man 
has  been  found  to  be  reduced  by  chloroform  even  in  the  earlier  stages, 
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Sudden  and  dingerouR  tall  In  tbe  blood- pressure  from  the  iDbslatlon  ot  too  concen- 
trated Tapor  of  cbloroform  during  siuestbeBta  In  a  cat.  At  A  tbe  concentrated  vapor  began 
to  be  Iniplred.  At  B  tbe  blood-pressure  had  fallen  to  about  one  tbird  ol  tbe  belgbt  at  A, 
aod  the  pulse  was  so  weak  as  to  be  scarcelj  perceptible.  Tbe  chloroform  mask  was  re- 
moved, and  at  0  Brtlflclsl  respiration  va*  eommenced  wb«ii  tbe  puUe  rapidly  ImprOTed 
In  strength  and  the  pressure  began  to  rise. 

and  in  deep  anaesthesia  the  fall  may  be  very  marked.  Under  ether  the 
pressure  rises  slightly  in  the  first  and  second  stages,  partly  from  the 
reflexes  arising  from  the  local  irritation,  and  partly  from  the  muscular 
movements.  During  complete  anffiatheaia  it  falls  again  to  slightly 
above  the  normal  or  a  few  millimetres  below  it,  but  never  reaches  a 
point  indicating  grave  circulatory  disturbance  (Blauel,  Cook  and 


Hurt, — The  frog's  heart  under  chloroform  or  ether  beats  more 
slowly  and  more  weakly,  and  at  the  same  time  undergoes  a  certain 
amount  of  dilatation,  all  owing  to  the  paralyzing  effects  of  these  dniga 
on  the  cardiac  muscle. 

The  effects  on  the  mammalian  heart  in  deep  auEesthesia  are  very 
similar.  The  slowing  is  not  so  marked,  however,  as  the  weakness  and 
the  dilatation,  ao  that  the  rhythm  of  the  pulse  does  not  indicate  the 

Fig.  10. 


Mrocardlograpblc  record  of  t 
right  TeDtrlcle  (lower  traclngl  oi 
form  vapor.     During  sj-atole  tbe  I 
attached  to  tbe  ventricle  from  D  1 
At  A,  coDceDtrated  chlorororm  wa 
rapldl;  dlmlDlsbed,  whf 
After  a  abort  time  tbe 
tbougb  mDcb  weakened 
verr  s0(«]  afterwards. 


tbe  !-.„ „  -— 

ver  atUcbed  to  the  aurtde  moves  from  D'  to  jB'.  that 
3  B.  In  diastole  they  retam  to  D'  and  D  respectively, 
rm  was  Inhaled.  The  eicDrslon  of  tbe  levers  towards  syatole 
:hat  of  tbe  ventricle  towards  D  was  somewhat  augmented. 
cle  ceased  In  diastole,  while  tbe  ventricle  contlnned  to  beat, 
JB,  the  cbloroform  was  atant  off  and  the  heart  began  to  reeoT«r 
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extent  to  which  the  heart  is  affected.  The  auricles  are  acted  on  hj 
smaller  quantities  than  the  ventricles,  and  the  former  may  be  rendered 
80  weak  as  to  give  practically  no  movement  to  an  attached  lever  long 
before  the  ventricular  force  is  very  serioualy  impaired  (Fig.  10) .  The 
first  direct  effect  of  these  drugs  on  the  heart,  therefore,  is  a  weakneee 
in  the  anricular  contraction  and  an  increase  in  the  ventricalar  relaxa- 
tion. The  diminution  in  the  strength  of  the  auricle  progresses  rapidly,! 
while  the  ventricular  dilatation  soon  reaches  a  maximum  and  is  accom-| 
panied  by  lessened  force  of  contraction.  The  auricular  weakneBs" 
soon  becomes  so  great  that  practically  no  blood  is  expelled  by  its 
systole,  and  the  slowing  of  the  heart,  which  has  not  been  very  marked 
up  to  this  point,  becomes  distinct.  The  ventricular  contractions  next 
become  extremely  weak  and  occasionally  fail  entirely,  and  soon  after- 
wards the  heart  comes  to  a  standstill  in  diastole.  The  mammalian 
heart  suffers  under  extremely  dilute  chloroform  solutions  when  these 
are  perfused  through  the  coronary  vessels.  Thus  Sherrington  and  i 
Sowton  found  that  blood  containing  0.01  per  cent,  of  chloroform  ( 
exercised  a  distinctly  deleterious  effect  on  the  heart,  and  about  0.05  [ 
per  cent,  of  chloroform  was  sufficient  to  arrest  it.  Loeb  found  that/ 
0.4  per  cent,  of  ether  in  blood  perfused  through  the  heart  arrested  its! 
movements  in  a  few  minutes,  so  that  chloroform  appears  to  be  at  least  1 
eight  times  as  poisonous  to  the  mammalian  heart  as  ether.' 

This  direct  cardiac  action  of  chloroform  is  manifested  most  dis- 
tinctly in  the  third  stage  of  anffisthesia,  although  it  is  present  to  a 
slighter  degree  in  the  earlier  stages.     But  apart  from  this,  the  heart 
may  be  affected  earlier  by  inhibitory  activity,  and  this  is  of  the  gravest 
import  in  practical  anesthesia   (Embley).      The   inhibitory  centre  ( 
appears  to  be  thrown  into  a  state  of  abnormal  activity  and  the  irrf 
tion  of  the  air  passages  leads  to  reflex  inhibitory  impulses  being  a 
to  the  heart,  which  responds  by  slowing  and  occasional  stoppage, 
the  normal  heart,  inhibitory  arrest  is  transient,  the  heart  only  pausing 
for  a  few  seconds  and  then  recommencing  its  contractions.     But  the 
heart  weakened  by  chloroform,  even  in  the  commencement  of  an^s-  «'.'      \   ^ 
thesia,  often  fails  to  recommence  beating  and  permanent  failure  of  the  t   -»^r^i 
circulation  and  death  result  (Fig.  11).     This  has  been  demonstrated  T\^   y^ 
experimentally  in  the  dog  (Embley)  and  accords  with  a  number  of  T    ^}' 
observations  of  sudden  death  in  man.     It  is  liable  to  occur  in  the 
early  stages  when  concentrated  vapor  is  inhaled,  while  in  complete 
aneesthesia  the  vagus  centre  appears  to  be  less  irritable.     Ether  injures 
the  heart  less  than  chloroform,  and  this  fatal  inhibitory  arrest  has  not 
been  shown  to  be  induced  by  it. 

VenalK.^ — It  has  been  shown  experiraentally  (Gaekell  and  Shore) 
that  the  vasomotor  centre  is  first  stimulated  by  chloroform,  but  this 
has  very  little  infinence  on  the  calibre  of  the  blood  vessels  or  on  the 
arterial  pressure,  owing  to  the  direct  action  on  the  vessel  walls.  In 
the  later  stages  the  vasoconstrictor  centre  undergoes  some  obscure 
change,  so  that  sensory  impulses  which  normally  excite  it  and  cause 

'In  tlie  frog's  heart  eUoroform  is  said  to  act  SO-10  timca  as  Btronglj  M  ether. 


gravest 
centre  t 
3  irrita-  ( 
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constriction  of  the  vessels,  now  inhibit  it  and  cause  dilation  of  the 
vessels  (Bayliss).  The  vasodilator  centre  continues  to  respond  in  its 
normal  way  to  sensory  impulses.  Ether  seems  to  have  little  or  no 
direct  action  on  the  vaso-constrictor  centre,  but  the  dilatation  of  the 
skin  vessels  indicates  that  it  excites  the  vasodilator  function. 

The  direct  action  on  the  vessel  walls  seems  to  be  of  greater  impor- 
tance than  that  on  the  innervating  centres.  When  chloroform  circu- 
lates in  the  vessels  in  the  concentrations  used  in  anaesthesia  it  tends 
to  relax  them  from  a  depressing  effect  on  the  muscle  fibres;  all  the 


1  vessels  are  not  equally  affected,  however,  those  of  the  splanchnic  area 

I  dilating  more  readily  than  those  of  the  Hmbs,  which  may  even  be  con- 

/  atricted.     Chloroform  in  higher  concentration  may  tend  to  ccmstrict 

also  the  mesenteric  vessels,  but  this  does  not  occur  in  the  intact  animal, 

in  which  such  concentrations  would  prove  immediately  fatal  to  the 

heart. 

In  practice,  the  low  blood-pressure  under  chloroform  is  mainly  due 
^tothe  action  on  the  heart;  in  less  degree  to  the  dilatation  of  the  vessels 
/'in  the  abdomen. 

In  some  experiments  on  the  dog  Kemp  has  noted  marked  constric- 

(tiou  of  the  renal  vessels  under  ether,  with  diminished  excretion  of 
urine  and  albuminuria  or  luematuria.  Some  writers  state  that  albu- 
min is  found  in  the  urine  in  a  considerable  proportion  of  cases  of 
ether  ansestbeaia  in  man,  which  would  suggest  that  a  corresponding 
action  is  elicited  here,  hut  others  have  failed  to  detect  any  change 
except  a  slight  diminution  of  the  urine.  The  discrepancy  in  these 
results  may  perhaps  be  due  to  the  method  of  administration.  Ether 
is  often  given  in  such  a  way  as  to  induce  partial  asphyxia  and  this 
may  induce  contraction  of  the  renal  vessels  without  a  corresponding 
rise  in  the  blood-pressure. 
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•**"-^      The  Hucm  and  kems  are  noiJMEected  by  cblorc^nn 
haled,  but  when  a  nog's  muscle  is  exposed  to  an  atmosi 


SdTy  o-aSS^elher  when  in-  <\*J|  p* 


haled,  but  when  a  nog's  muscle  is  exposed  to  an  atmosphere  of  either  of 
them,  it  is  weakened,  loses  it^  irritability  and  eventually  passes  into  rigor 
mortis;  the  Umb  mnseles  in  mammals  are  weakened  when  strong  solutions 
(0.1-0.2%)  are  perfused  through  them,  but  are  unafEected  by  concentrations 
which  arrest  the  heart  in  a  few  minutes.  Waller  has  shown  that  when  a 
frog's  nerve  is  exposed  to  chloroform  or  ether  vapor  in  weak  dilution,  its 
irritability  is  at  first  increased;  strong  vapor,  on  the  other  hand,  abolishes  the 
excitability  temporarily  in  the  case  of  ether,  generally  permanently  in  that  of 
chloroform,  which  is  much  the  more  powerful  nerve  poison  of  the  two.  The 
sensory  fltn'es  are  said  to  be  paralyzed  sooner  than  the  motor  when  chlor^ 
form  or  ether  is  applied  to  a  mixed  nerve  (Fereles  and  Sachs),  and  some 
motor  fibres  of  a  trunk  may  remain  unaffected,  while  others  are  paralyzed. 
The  local  paralyzing  effects  of  ether  have  been  elicited  repeatedly  in  the  1 
human  subject  by  ite  subcutanous  injection,  and  have  occasionally  been  i 
followed  by  neuritis  and  permanent  weakness. 

Chloroform  and  ether  dissolve  the  Bed  Ootpiudaa  and  free  the 
hsemoglobin  when  thej  are  shaken  with  defibrinated  blood  ontside  the 
body,  and  chloroform  ia  said  to  retard  the  reduction  of  oxyluemoglobin 
b;  forming  a  loose  combination  with  it ;  Da  Costa  holds  that  ether 
tends  to  destroy  the  red  cells  during  ancestheeia,  and  advises  caution  in 
its  administration  in  cases  in  which  a  diminution  in  their  numbers 
may  be  of  serious  import.  In  the  blood,  chloroform  is  carried  by  the 
red  cells  for  the  moat  part,  comparatively  small  quantities  being  free 
in  the  plasma.  It  appears  to  form  a  loose  combination  or  solution 
in  the  ^olggterin  anj  lecithin  of  the  corpuscles..  Ether  is  said  to  ba  \ 
more  equally  distributed  between  the  corpuscles  and  plasma. 

The  amount  of  chloroform  in  the  blood  during  the  stage  of  «n^- 
thesia  is  abfl'it.  ^t^-^C\  mga.  in  IQQ  eg.  When  Uie  respiration  faOs 
the  blood  is  found  to  contain  60-70  mg.  per  100  c.c  (Buckmast«r  and 
Gardner).  During  the  induction  of  anesthesia  the  arterial  blood 
contains  more  than  the  venous,  part  of  the  chloroform  being  taken  up 
by  the  tissues  as  it  passes  through  the  capillaries.  On  the  other  band, 
as  the  ansesthesia  passes  off,  the  venous  blood  contains  more  than  the 
arterial,  the  anssthetic  taken  up  from  the  tissues  in  the  capillaries 
being  eliminated  in  the  lungs.  Nicloux  states  that  in  light  anaesthesia 
from  ether  the  blood  contains  about  100-110  mgs.  per  100  cc,  in 
deep  anssthesia  130-140  mgs.,  while  160-170  mgs,  per  100  cc. 
proves  fatal  from  failure  of  the  respiration.  The  margin  of  safety 
in  ansesthesia  is  thus  narrower  than  is  generally  recognized,  for  £^ei  . 
concentration  in  the  blood  necessary  for  anasthesia  is  about  half  that 
urhich  ifl  fatal        _V 

The  effects  of  <^oroform  and  ether  on  the  Pnpil  present  some  varia- 
tion in  different  animals,  and,  indeed,  are  not  very  constant  in  man. 
No  entirely  satisfactory  explanation  of  their  mechanism  has  been 
offered  as  yet.  The  dilatation  of  the  pupils  in  the  first  and  second 
stages  is  merely  the  accompaniment  of  the  general  excitement  and 
anxiety,  and  is  not  specific.  The  contraction  in  the  stage  of  uncon-  > 
sciousness  is  similar  to  that  seen  in  natural  sleep,  and  is  evidently  of  ] 
central  origin.     The  dilatation  occurring  during  wakening  or  vomit-  ' 
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ing  IB  evidently  caused  by  the  same  process  as  that  of  the  preliminapy 

(stages.  Just  before  death  the  pupil  dilates,  and  thia  may  perhaps  be 
attributed  to  the  effects  of  asphyxia  on  the  muscle  of  the  iris,  and  is 
so  frequently  observed  in  death  from  other  causes  that  it  cannot  be 
r^arded  as  a  direct  result  of  the  chloroform. 

The  local  effects  of  the  antesthetics  on  the  Allmentwy  Ouutl  and 

Beepintorjr  PasMges  are  confined  to  irrjtatiui  with  resnltaot^^exes. 

I  Thus  the  profuse  secretion  of  saliva  and  of  mucus  is  due  to  the  inri- 

f  tation  causing  increased  activity  of  the  glands  reflezly,  and  can  he 

'  arrested  by  atropine.     It  has  been  stated  that  the  bronchial  rhonchi 

are  due  entirely  to  aspirated  saliva,  but  this  is  incorrect,  as  they  occur 

in  animals  to  which  the  anEesthetic  has  been  given  through  a  tracheal 

canula.     The  irritation  is  much  greater  when  concentrated  ether 

fumes  are  inhaled  than  in  ordinary  chloroform  antesthesia. 

Tbirrlnriil  irritgtitm  ""^'^yp)"'"  i"  p'"'t  thft  '^"'uiting  which  is  so 
oftPTi  ft  fpHtnrft  of  nun"*^°i'g — The  irritant  vapors  reach  not  only  the 
throat,  but  also  the  stomach  with  the  mucus  swallowed,  and  irritation 
of  either  of  these  parts  may  well  lead  to  reflex  vomiting.  But  similar 
effects  are  occasionally  induced  by  other  methods  of  anesthesia,  such 
as  by  nitrous  oxide,  in  which  local  irritation  can  play  no  part,  so  that 

(there  is  probably  some  central  effect  in  addition.  The  ordinary  move- 
ments of  the  stomach  and  intestine  do  not  seem  to  be  influenced  by 
aniesthesia,  unless  when  it  is  accompanied  by  asphyxia,  when  the  peri- 
stalsis may  be  increased. 

The  Kldnoy  appears  to  be  affected  in  a  certain  proportion  of  cases 
of  anEBsthesia  in  man,  as  is  shown  by  the  appearance  of  albumin  in  the 
urine.     Chloroform  induces  typical  fatty  degeneration  occasionally, 
while  the  albuminuria  after  ether  has  been  ascribed  to  a  speciflc  vas- 
cular change  by  Kemp.     The  proportion  of  cases  in  whichthis  o^an 
is  affected  seems  to  vary  extraordinarily,  some  authorities  finding 
albuminuria  in  30  per  cent,  of  the  cases  where  chloroform  was  osed; 
while  others  could  detect  it  in  less  than  8  per  cent.     Most  surgeons 
consider  chloroform  far  more  deleterious  to  the  kidney  than  ether. 
The  secretion  of  urine  is  generally  diminished  during  ansesthesia  with 
chloroform  or  ether,  from  the  reduced  blood-pressure  and  imperfect 
aeration  of  the  blood.     After  recovery  from  ether  aniesthesia  some 
diuresis  may  occur,  or  the  urine  may  remain  scanty  for  some  hours. 
The  Vttriae  Oontractions  during  parturition  sewn  little  inflnaiced 
j  by  moderate  ansesthesia,  but  are  somewhat  slowed  in  the  deeper  stages. 
/  Chloroform  and  ether  pass  into  the  foetal  blood,  and  some  experi- 
1  ments  are  recorded  in  which  the  fcetus  was  killed  by  the  inhalation, 
\  while  the  mother  recovered.     This  may  be  caused  either  by  the  direct 
action  of  the  drug  on  the  young  animal,  or  by  the  low  maternal  blood- 
pressure  leading  to  its  asphyxia.     It  does  not  seem  dangerous  to 
I  induce  a  moderate  degree  of  aneesthesia  during  labor  in  human  beings, 
although  here,  too,  the  effects  on  the  child  are  shown  by  an  increase 
in  the  nitrogen  excretion  in  the  urine  for  some  days. 

The  Tamperatnre  falls  during  ansesthesia  of  even  short  duration. 
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Thus  Eappeler  found  it  reduced  0,2-1.1°  C,  when  chloroform  waa 
inhaled  16—10  minutes,  and  a  fall  of  S-5°  C.  has  been  observed  during 
very  long  anteethesia.  This  action  is  dne  partly  to  the  greater  output 
"^.  ."fl^  ttirmY*'  '*"'  'I'Tfft'-d  glrJTi  "nnnnldi  hntmninlj  tfi  n  lMgoTio,1  Tiant 
production  from  the  diminished  muscular  movement.  It  is  not  nee-  (j^kuutTl 
tsSHUi^lu  Assume,  therefore,  as  some  writers  do,  that  the  anssthetics  *^**;t  ^ 
lessen  the  heat  production  by  their  direct  effects  on  the  tissues  in 
general. 

Of  late  years  a  good  deal  of  interest  has  1t>een  manifested  in  the 
effects  of  the  ansesthetics  on  the  Hetsbolism  of  the  tiasnea,  and  it  is  now 
generally  recognized  that  diloifiiaim,  in  addition  to  its  action  on  the 
central  nervous  system,  produces  marVpd  ftmrigfifl  jp  ths  niitritivfl 
pnTTfUf"  "*  r'"'*'"Ptfl^'"  "  '^^^  simpler  organisms,  which  are  devoid 
of  nervous  structure,  are  killed  in  comparatively  dilute  solutions,  and 
chloroform  water,  therefore,  prevents  or  retards  putrefaction  and  the 
fermentation  of  yeasts.  It  seems  to  hinder  the  action  of  some  fei^ 
ments,  such  as  pepsin  and  rennet  ferment,  when  added  in  compara- 
tively large  quantities,  but  increases  their  activity  in  greater  dilution. 
Plants  cease  to  assimilate  carbonic  acid,  but  are  not  killed  by  chloro- 
form except  in  very  large  quantities.  In  the  higher  animals  and  in 
man,  evidences  of  an  alteration  in  the  processes  of  life  and  nutrition 
of  the  different  organs  have  also  been  discovered,  quite  apart  from  the 
effects  on  the  nervous  system.  Thus  fatty  infiltration  of  various 
organs  is  produced  by  cUoroform  administered  repeatedly  and  even 
by  a  single  inhalation  in  some  cases.  The  organs  implicated  in  this 
change  are  the  liver,  heart  and  kidnevB  more  especially,  but  degepera- 
tion  of  ordinary  muscle  has  also  been  observed  occasionally.  If  this 
process  attains  a  certain  degree  of  development,  it  may  lead  to  failure 
of  the  heart,  but  otherwise  the  tissues  recover  in  the  course  of  a  few 
days.  Traces  of  fatty  infiltration  have  been  observed  alter  prolonged 
ether  narcosis  also,  but  they  are  so  slight  that  no  significance  attacks 
to  them  from  a  practical  point  of  view  (Selbach).  Given  in  small  I 
quantities  for  several  months,  chloroform  leads  to  atrophic  cirrhoeisf 
^  ThP  ^'"''i  """^  ^^  &  ^€ss  extent  of  the  kidneys,  spleen  and  lungs,  thisl 
cirrhotic  change  forming  a  sequel  to  preliminary  fatty  changes  of| 
the  parenchymatous  cells.  In  young  adults  chloroform  has  occasion- 
ally given  rise  to  a  form  of  liver  affection  which  closely  resembles  ] 
acute  yellow  atrophy.  In  these  cases  after  recovery  from  the  ames- 
thetic,  the  patient  becomes  restless  and  uneasy  and  in  a  few  hours 
delirium  and  coma  may  appear.  Jaundice,  cutaneous  haemorrhages, 
tenderness  over  the  liver  suggest  an  affection  of  this  organ,  and  in 
fatal  cases  it  is  found  to  present  the  same  appearance  as  in  acute 
yellow  atrophy,  and  its  chemical  examination  proves  that,  as  in  the 
latter,  an  acute  autolytie  destruction  of  the  organ  has  occurred 
(Wells). 

The  effects  of  chloroform  on  the  nutrition  of  the  tissues  are  shown 
in  the  urine  secreted  during  and  after  anteethesia,  though  they  are 
more  marked  when  it  is  given  by  the  stomach  from  its  being  more 
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slowly  absorbed  and  thus  acting  for  a  longer  time.  The  nitrogen 
eliminated  is  considerably  increased)  and  the  sulphur  shows  a  sim- 
ilar augmentation,  and  these  would  seem  to  indicate  an  increased 
destruction  of  nitrogenous  bodies  in  the  tissues.  In  the  normal  urine, 
the  sulphur  appears  partly  in  the  form  of  sulphates,  partly  in  forms 
in  which  it  has  undergone  less  complete  oxidation.  After  chloro- 
form the  proportion  of  these  constituents  is  changed,  the  nnoxidized 
sulphur  forming  a  much  larger  part  of  the  total  than  normally, 
and  apparently  occurring  in   a   substance   nearly   allied  to   cystin 

((Xast  and  Mester).     Thia  indicates  that  while  The  breakin^^  up  of  the 


rfect.  and  another  i 


1  fiirfHit'™  '"  *^''  not 


JnfrMuent  occurrence  of  acetone  in  the  uring  nnd  hrpnth  »nd  nf  plypiv 
soTia^ ( Becker ) .  It  has  long  been  recognized  that  diabetes  is  liable 
to  be  a^ravated  by  chloroform  anEesthesia,  and  some  fatalities  after 
chloroform  seem  due  to  this  action.  The  sugar  of  the  blood  has  been 
found  to  be  increased,  and  the  glycogen  of  the  liver  is  diminished  or 
entirely  absent  after  chloroform ;  this  is,  according  to  Paton,  the  effect 
of  a  specific  action  on  the  liver  cells,  which  form  glycog^i  into  sugar 
much  more  rapidly  than  usual ;  ether  has  a  very  much  less  powerful 
action  on  tbem.  Bile  pigment  is  said  to  occur  in  the  urine  in  a  con- 
siderable number  of  cases  of  anxesthesia  with  chloroform,  especially 
one  or  two  days  after  the  administration.  The  chlorides  and  acidity 
of  the  urine  are  augmented  and  this  has  sometimes  been  regarded  as 
evidence  that  chloroform  is  decomposed  in  the  tissues,  but  the  chlo- 
rides are  also  increased  by  ether  though  not  in  the  same  degree. 

These  effects  of  chloroform  on  the  metabolism  resemble  very  closely 
those  of  phosphorus  poisoning,  and  have,  like  them,  been  ascribed  to 
autolysis  and  the  formation  of  acid  in  excess  in  the  tissues.  They 
seem  to  occur  only  after  those  substances  of  the  fatty  series  in  whidi 
chlorine  is  substituted,  ether  having  little  or  no  effect  in  producing 
fatty  degeneration  or  in  changing  the  proportion  of  the  sulphur  com- 
pounds in  the  urine. 

Inunimitr. — AnEesthesia  with  chloroform  or  ether  reduces  the  resist- 
ance of  the  tissues  and  renders  animals  more  susceptible  to  the  invasion 
of  bacteria  and  to  the  action  of  toxins. 

Distribution  In  ths  Body. — ^When  chloroform  or  ether  is  absorbed 
from  the  lungs,  it  is  carried  all  over  the  body  by  the  blood,  but  is  not 
equally  distributed  throughout  the  tissues.  It  has  been  m^itioued 
already  that  a  loose  combination  exists  between  chloroform  and  the 
lecithin  and  cholesterin  of  the  red  cells,  and  it  was  to  be  anticipated 
that  those  organs  which  are  richer  in  these  constituents  would  contain 
larger  quantities  of  the  drug.  Aa  a  matter  of  fact,  both  chloroform 
and  ether  are  found  in  larger  quantities  in  the  brain  than  in  the  blood, 
liver  or  muscles,  which  is  in  conformity  with  the  theory  of  Meyer  and 
Overton  regarding  the  causation  of  narcosis  (page  127). 

The  Excretion  of  both  ether  and  chloroform  takes  place  mainly  by 
the  lungs.     Whf^qfiYftr  th"  p^'^tial  pressure  of  the  vapor  in  tJi^  alveoli 
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falls  sufficiently  far  below  that  in  the  blood  to  loosen  the  combination  ■ 
between  the  aniesthetics  and  the  constituents  of  the  blood,  the  drug  I 
diffuses  back  into  the  alveoli,  and  tbeuce  passes  into  the  air.  Host  of 
the  ansestbetio  is  eliminated  very  rapidly,  but  traces  of  chloroform  are 
said  to  be  found  in  the  breath  for  24  hours  after  the  inhalation  and 
even  longer  in  cases  in  which  there  is  a  tenacious  mucous  secretion 
from  the  bronchi.  As  far  as  is  known  this  is  the  only  way  in  which 
ether  is  excreted,  but  small  quantities  of  chloroform  escape  by  other 
chaimelB,  for  it  has  been  found  in  the  urine,  and  is  said  to  occur  in  the 
perspiration  and  tbo  milk.' 

Differences  Between  Oblorofonn  uid  Ether. — Ether  and  chloroform 
resemble  each  other  cloaely  in  their  general  effects,  but  differ  in  certain 
points  of  importance.     Thua  fithfir  hns  a  much  weaker  narcntii;  nction 
than  chloroform,  for  Spenzer  found  that  1.5-2.5  volumes  per  ceait.  of 
ether  vapor  in  air  produced  onlyincompleteansesthesia,  fhatS— 3.5per 
cent,  induced  narcosis  in  25,  and  4.5  per  cent,  in  15  minutes,  while  6 
per  cent,  stopped  the  respiration  within  ten  minutes;  Bosenfeld 
obtained  no  narcosis  with  0.5-0.7  volume  per  cent,  of  chloroform, 
complete  narcosis  with  1  per  cent,  only  after  30—45  minutes,  and 
respiratory  standstill  with  1.6  per  cent,  in  the  course  of  f-2  houra 
after  the  inhalation  commenced.^     So  that  chloroform  is  about  3-3^ 
times  as  depressant  to  the  central  nervous  system  as  ether,  while,  on 
the  other  hand,  its  action  on  the  heart  is  at  least  8  times  as  great  as 
that  of  ether.     Ether  has  to  be  given  in  more  concentrated  form  to 
produce  amesthesia,  and,  therefore,  produces  more  irritation  of  the  air  i 
passages,  as  shown  by  the  greater  secretion  of  saliva  and  mucus,  by    I 
coughing,  and  by  the  sensation  of  asphyxia.     Dreser  has  shown,  how- 
ever, that  if  air  containing  less  than  6  per  cent,  of  ether  be  inhaled,  . 
this  irritation  and  feeling  of  suffocation  is  not  very  marked.     Ames-  I 
thesia  is  produced  with  greater  difficulty,  more  slowly  and  often  leas  I 
perfectly  than  with  chloroform,  and  the  stage  of  excitement  is  gener- 1 
ally  more  violent  and  prolonged.     But  the  pulse  is  not  nearly  so  mnch  I 
affected  as  by  chloroform ;  it  may  be  somewhat  slower  than  usual,  but 
is  full  and  strong.     The  concentration  of  chloroform  which  is  neces- 
sary to  produce  anieathesia  is  very  close  to  the  concentration  which 
causes  serious  impairment  of  the  heart's  action,  while,  on  the  other 
hand,  3^  per  cent,  ether  vapor  is  Bu£Scient  to  cause  narcosis,  but  a 
very  much  stronger  concentration  is  required  to  cause  a  dangerous 
condition  of  the  heart.     In  the  same  way  the  difference  in  the  con- 
centration required  to  produce  ansesthesia  and  that  which  will  stop 
the  respiration  is  very  much  smaller  in  chloroform  than  in  ether,  and 
the  auEesthetist  has  thus  more  leeway  when  he  uses  the  latter.     The 
changes  in  the  metabolism  following  the  use  of  chloroform  are  not 
produced  to  the  same  extent,  if  at  all,  by  ether. 

Bearding  the  (Xioice  of  an  AnesthstlG,  it  must  be  said  that  each  has 

*  Tbe  statement  tbat  tome  carbon  monoxide  is  formed  in  tbe  tissues  from  the 
oxidation  of  chloroform  appears  to  be  erroneous. 

'  Other  investigatora  have  found  different  absolute  values  from  these,  but  the 
relative  strength  of  ether  and  chloroform  ia  genera]!;  held  to  be  about  1  to  3. 
-     ■  n.) 
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its  advantageB,  but  that  ether  is  less  liable  to  cause  dangerous  STinp- 
toms  than  chloroform,  and  ought,  therefore,  to  be  used  wherever  special 
.  circmnstances  do  not  indicate  the  latter.  Chlorofomi^B  alwaya  pa^e- 
I  cfqrred  byi-hn  pntinnt  fnr  it  canHea  Imw  jiritatioiL^dlras^  feeling  of 
jB^ocation,  and  it  is  often  preferred  by  ti\p,  nr^g'^"  ^^nfljise  it  induces 
anseatbesTa  sooner  and  le^TPI  it  ia  required.  In  eaaes  where  excite- 
ment IB  to'tRTavoided  as  much  as  possible,  or  in  which  a  very  deep 
anfeethesia  with  complete  mnscular  relaxation  is  required,  and  in  irri- 
table conditions  of  the  air  passages,  chloroform  ought  to  be  used  rsther 
than  ether.  In  the  case  of  drunkards,  ether  sometimes  fails  to  induce 
deep  ansesthesia,  and  in  very  hot  climates  anfesthesia  with  ether  may 
be  difGcult  and  unpleasant  to  induce  owing  to  its  rapid  evaporation, 
so  that  in  these  cases  chloroform  may  be  necessary.  Lastly,  where 
artificial  lights  are  necessary  (except  the  electric  incandescent),  or 
where  the  actual  cautery  is  to  be  used,  ether  is  dangerous  on  account 
of  its  inflammability,  and  chloroform  is  indicated.  On  the  other 
hand,  chloroform  is  specially  contraindicated  in  cases  of  fatty  change 
of  the  heart  and  in  renal  disease.  The  disadvantages  of  both  taaea- 
tbetics  may  often  be  avoided  by  inducing  unconsciousness  by  chloro- 
form and  prolonging  it  by  small  quantities  of  ether.  The  effect*  of 
the  prolonged  use  of  chloroform  are  avoided  in  this  way,  and  at  the 
same  time  the  excitement  is  less  marked,  and  less  irritation  of  the  air 
passages  is  elicited  than  if  the  anaesthesia  had  been  induced  by  con- 
centrated ether  vapor. 

The  DanESTB  of  Anesthnia  are  caused  only  in  part  hj  the  direct 
action  of  the  ether  or  chloroform,  for  fatal  accidents  have  occurred 
from  objects  such  aa  false  teeth  or  tobacco  plugs  falling  into  the  air 
passages  and  causing  asphyxia,  while  vomited  matter  has  been  drawn 
into  the  larynx  in  some  cases.  Very  often  the  relaxation  of  its 
muscles  permits  the  tongue  to  fall  back  into  the  throat,  rendering  the 
breathing  labored  and  stertorous;  this  is  at  once  relieved  when  the 
tongue  is  drawn  forward.  The  accumulation  of  saliva  and  mucus  or 
blood  in  the  throat  may  lead  to  similar  symptoms.  In  these  accidents 
the  chloroform  or  ether  is  only  indirectly  the  cause,  but  in  a  lai^  and 
fiYer-iTinrpflHiTig  tiynjlwr  i)f  P|Hapa,  the  fatal  effects  must  be  ascribed  to 
the  giTMttgction  of  the  anffisthetics.  The  proportion  of  accidents 
during  amestiiesia  is  very  difficult  to  estimate,  and  great  discrepancies 
occur  in  the  statistics  of  different  surgeons.  Thus,  in  one  of  the 
London  hospitals,  one  death  occurred  from  chloroform  in  1,236  cases 
of  auEBSthesia;  Juillard  gives  one  in  3,258,  McGuire  one  in  15,000, 
as  the  proportion  of  fatalities,  while  Lawrie  gives  a  series  of  over 
40,000  cases  without  a  single  death.  A  fair  average  would  seem  to 
be  one  df  °*^  "'"  ^.""'^  fhloroform  inhalations.  The  statistics  of  ether 
fatalities  also  vary  from  one  <ieatb  in  3,000  to  one  in  16,000  cases, 
but  probably  tine  in  10.000-12.000  cases  woiild  represent  the  average 
mortality.^ 


'  Ourlt'B  esrefol  rtatiatiCB  of  330,000  e&aee  of  anmtlieda  gave  b.  n 
In  S,000  for  chloroform  and  1  in  5,000  for  ether,  hut  these  both  m 
high. 
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A  very  prolonged  discusBion  ae  to  the  O^se^ofDe^  in  these  cases 
lias  been  carried  on,  and  even  now  there  c&nnoT'Ee  said  to  be  any 
unanimity  of  opinion  on  the  subject.  A  fatality  may  occur  practi- 
cally at  any  sta^e  of  the  amesthesia,  and  the  accounts  of  its  onset  and 
symptoms  differ  exceedingly.  In  the  majority  of  cases  it  is  stated 
that  the  pulse  suddenly  disappeared,  and  the  breathing  either  ceased 
at  the  same  moment  or  after  one  or  two  weak  inspirations.  In  others 
the  respiration  is  stated  to  have  ceased  before  the  pulse,  and  in  several 
the  heart-beat  could  be  felt  or  heard  after  the  pulse  ceased.  A  very 
considerable  proportion  of  the  fatalities  under  ''hloT"^'""^  nffli^^^i^^^r 
iT^  th^  pT^cMtiionio  often  before  the  operation  has  been  begun,  and^tEesg 
have  generally  been  regarded  by  anEesthetists  as  due  to  a  reflex  arrest 
of  the  heart.  This  has  been  disputed  by  experimental  investigators, 
aBU,  Bfl  ill  ihese  accidents  it  is  impossible  to  make  exact  observations, 
owing  to  the  necessity  for  prompt  measures  for  resuscitation,  it  has 
of tgi  beemien ied  that  fatalities  occur  from  this  cause.  The  subject 
hiasTec^tly  been  the  subject  of  prolonged  research  by  Embley,  who 
has  triumphantly  vindicated  the  position  of  the  practical  antesthetists 
by  showing  that  fatal  arrest  of  Uie  heart  may  occur  in  early  chloro- 
form antesthesia  through  nTfcjut^ivft  inbihiHnp  of  the  weakened  heart 
(page  163).  This  danger  does  not  seem  to  be  caused  by  ether  to  the 
same  extent,  and  this  is  in  accordance  with  its  much  weaker  effects  on 
the  heart.  These  early  fatalities  in  chloroform  ansesthesia  are  due  in  I 
part  to  the  chloroform  already  absorbed,  in  part  to  reflexes  arising  I 
from  its  irritant  action  and  from  the  excitement  and  struggling.  ' 


Traelnta  of  tbe  blood-premnre  (apiwr)  ind  of  the  resplratloD  (lower)  of  tbc  cat  to  tbs 
Inat  itaee  of  ether  aiueatbeali,  titlure  of  the  reaplrstlon.  At  Z  the  ether  vrb  shut  off, 
and  at  £>  artinclal  reiplratlon  vaa  beEnn.     TTie  oaclllatlons  on  the  rnplrstorr  tradngl 


I  reiplratlon  was  beKun.     The  oacHlatlona  on  the  re»plrotorr  t: __ 

after  D  are  doe  to  the  artificial  rnplratlon.  The  heart  contlnneg  to  beat  after  the  fBilnre 
of  the  mplratlon.  The  palaatloui  Increase  In  size,  not  from  an  Increaie  Id  the  itrepigUi 
of  the  heart,  but  from  the  ilowneM  of  the  beat,  which  glvei  time  far  the  arterlea  to  empty 
themaelvea  between  each  pnlie. 

But  fatal  accidents  may  occur  in  aniesthesia  from  chloroform  or 
ether,  by  the  action  on  the  organs  after  the  danger  of  reflexes  has  dis- 
appeared, from  the  depression  of  the  central  nervous  system.  The 
explanation  of  these  fatalities  has  been  much  disputed,  the  view  having 
prevailed  formerly  that  while  ether  paralyzed  the  respiration  without 
affecting  the  heart,  chloroform  acted  flrst  on  the  heart  and  paralyzed 
it  before  the  respiratory  centre.  In  1889  some  criticisms  by  the 
Lancet  of  the  results  of  experiments  in  Hyderabad  led  the  Nizam 
(Prince)  of  that  province  to  appoint  a  commission,  including  Sir 
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Lauder  Bruntos,  to  investigate  the  queation,  and  after  experimenting 
on  over  600  animals,  this  commission  came  to  the  conclusion  that 
death  during  chloroform  inhalation  is  always  due  to  arrest  of  the 
respiration.  This  decision  has  heen  subjected  to  much  criticism,  and 
there  is  no  question  that  the  alterations  in  the  circulation  produced  by 
chloroform  were  not  properly  appreciated,  or,  at  any  rate,  were  not 
sufficiently  emphasized  in  the  report.  The  condition  when  the  breath- 
ing fails  during  deep  anaesthesia  varies  with  the  concentration  of  the 
vapor.  If  very  dilute  chloroform  or  ether  be  inhaled,  the  respiration 
always  ceases  several  minutes  before  the  heart,  which  continues  to 
beat  fairly  strongly  at  first  but  rapidly  becomes  weaker.  If  more 
concentrated  vapor  be  used,  the  respiration  again  ceases  before  the 
heart,  which  is,  however,  much  weakened  and  comes  to  a  standstill 
after  a  short  interval ;  and  as  the  concentration  is  increased,  the  weak- 
ness of  the  heart,  at  the  moment  when  the  respiration  fails,  also 
increases,  and  the  interval  between  the  arrest  of  the  respiration  and 
of  the  heart-beat  becomes  shorter.  Finally,  when  air  saturated  with 
vapor  is  inhaled,  the  interval  between  the  two  is  so  short  as  to  be 
inappreciable  (Fig.  13).     When  concentrated  vapor  of  either  chloro- 


DlagTsm  repramtlnK  the  atste  vt  the  heart  st  tbe  fillare  ot  reiplratlon  from  an  ansa- 
thetlc  (cbloroforio  or  ether).  A  reprwents  the  retplratory  moTementa,  which  ceaMe  verj 
eariT  In  tbe  tracing,  B  the  puliatlons  of  ttie  heart  at  thla  DOint  l(  the  aneesthetle  Tapor 
baa  been  much  diluted  with  air,  O  If  It  l>  of  medlnm  atrengtb,  D  If  verr  concentrateil,  and 
£1  It  aaturated.    The  heart  pulaatloni  are  recorded  by  the  mercary  manometer. 

form  or  ether  is  inhaled,  the  pulse  may  be  so  weak  as  to  be  no 
longer  perceptible  before  the  respiration  ceases,  and  the  amesthetist, 
therefore,  believes  that  heart  failure  has  been  the  cause  of  death,  but 
if  the  movements  of  the  heart  be  registered  directly,  it  is  found  beat- 
ing as  long  as  the  respiratory  movements  are  carried  on.     The  impor- 
tance of  the  condition  of  the  heart  is  further  shown  by  the  results  of 
attempts  to  resuscitate  the  animal  after  tbe  respiration  has  ceased ; 
I  for  if  artificial  respiration  be  commenced  at  once,  the  animal  can 
I  invariably  be  restored  to  life,  provided  the  heart  has  not  been  weak- 
|ened  too  much;  but  if  concentrated  vapors  have  been  inhaled,  the 
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heart  is  unable  to  carry  on  the  circulation,  and  the  animal  cannot  be 
resuscitated. 

Hill  hae  recently  pointed  out  that  the  failure  of  the  respiration  may 
be  caused  in  part  by  the  aneemia  of  the  central  nervous  system  from 
the  fall  in  blood-pressure.  The  weakness  of  the  heart  induced  by 
chloroform  is  therefore  fraught  with  double  danger,  for  not  only  is  the 
circulation  imperilled  by  it  but  the  respiration  is  indirectly  weakened. 

From  a  practical  point  of  view,  it  is  of  comparatively  little  impor- 
tance whether  there  are  a  few  fluttering  beats  of  the  heart  after  the 
last  inspiration  or  not  The  all-important  question  ia  whether  the 
heart  has  been  so  injared  as  to  be  imable  to  carry  on  the  circula- 
tion, and  this  is  decided  by  the  concentration  of  the  vapor  that  has 
been  inhaled.  It  has  been  mentioned  already  that  ether  acts  very 
much  leas  on  the  heart  than  chloroform,  and  this  is  really  the  reasop 
why  ether  is  bo  much  the  safer  aniesthetic.  Even  when  dilute  vapor 
of  chloroform  is  inhaled,  the  heart  is  considerably  injured  when  the 
respiration  ceases,  while  unless  very  concentrated  ether  fumes  be  in- 
haled, the  weakness  of  the  heart  is  very  much  leas.  In  the  inhibitory 
cardiac  arrest  also,  the  concentration  in  which  the  chloroform  has 
been  inhaled  is  the  all-important  factor,  for  if  the  heart  has  been 
seriously  damaged  the  arrest  is  final,  while  when  less  concentrated 
vapor  has  been  used  the  heart  overcomes  the  inhibition  and  resumes 
its  contractions. 

The  autopsy  in  cases  of  death  by  chloroform  or  ether  shows  no 
specific  lesions.  TheJ)lood  is  often  dark  colored  from  the  asphyxia, 
and  the  honrt.  ia  innr\i\  tJiln^fH.  Trritntinn  of  the  respiratory  passages 
may  be  present  in  ether  poisoning,  and  the  odor  of  the  antesthetic  may 
be  recognized  in  the  different  organs.  Microscopic  examination  may 
show  some  alterations  in  the  cells  of  the  respiratory  centre  and  cardiac 
ganglia,  fragmentation  of  the  heart  muscle,  and  some  degeneration  of 
the  liver,  kidneys,  spleen  and  heart  after  chloroform  (Poroschin). 

Appu«tiu  and  PrlndplM. — The  principles  on  which  the  safe  pro- 
duction of  auEesthesia  is  based,  then,  are  comparatively  simple,  bat 
their  interpretation  into  practice  has  given  rise  to  various  methods. 
A  large  number  of  inhalers  have  been  introduced  with  the  object  of 
permitting  of  only  a  certain  degree  of  concentration  of  the  vapors. 
But  the  great  majority  of  these  are  entirely  erroneous  in  principle. 


the  concentration  of  the  vapor  being  determined  by  the  character  j 
of  the  respiration  of  the  patient,  and  the  number  of  accidents  has  not  | 
been  appreciably  reduced  by  their  use.  In  one  of  these  the  amount 
of  oxygen  available  for  respiration  was  found  to  be  reduced  to  5  per 
cent.,  while  the  carbonic  acid  had  risen  to  7.8  per  cent,  after  two  min- 
utes' respiration.  This  mixture  of  gases  is  insufiicient  to  support  the 
combustion  of  a  candle,  and  is  very  near  that  which  is  immediately 
fatal  to  animal  life.  In  another  the  concentration  of  the  vapor  was 
found  to  vary  between  1.2  and  16.4  volumes  per  cent.  Several 
apparatus  have  recently  been  constructed  on  correct  principles,  which 
allow  of  an  exact  gradation  in  the  strength  of  the  vapor  inhaled,  but 
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they  are  exceedingly  cumbrous,  and  while  they  might  he  used  in  hos- 
pitals, are  certainly  not  available  for  ordinary  practice.  The  advan- 
tage of  this  principle  of  measuring  the  concentration  of  the  vapors  is 
further  only  relative,  for  it  has  been  shown  that  vapors  so  dilute  as 
to  be  absolutely  safe  do  not  induce  ansesthesia  within  a  reasonable 
time.     Thus  1  per  cent,  chlorofonn  seems  to  be  practically  safe,  but 

)no  surgeon  will  wait  ^-f  hr.  for  the  ansssthetist.  To  induce  aufes- 
tbesia,  therefore,  vapors  have  to  be  used  which  would  in  time  be 
fatal,  and  only  after  the  reflexes  disappear  is  it  possible  to  reduce  the 
concentration  to  the  point  of  absolute  safety.  The  responsibility  of 
the  antesthetist  is,  therefore,  IcBsened,  but  by  no  means  entirely  re- 
moved by  these  methods.  In  the  vast  majority  of  cases,  however, 
much  simpler  apparatus  is  used,  and  the  ordinary  mask  or  towel  on 
which  the  auEesthetic  is  poured  is  not  responsible  for  a  larger  propor- 
tion of  accidents  than  the  more  complicated  forms  of  apparatus. 
When  no  inhaler  is  used,  the  ansesthetist  attempts  to  regulate  the  con- 
centration of  the  vapor  according  to  the  symptoms,  and  this  can  be 
done  with  complete  success  by  watching  the  respiration  closely.  If 
the  breathing  be  shallow,  much  less  concentrated  vapor  is  inhaled  into 
the  alveoli  than  if  it  be  deep  and  gasping,  for  in  ordinary  respiration 
the  air  in  the  smaller  bronchioles  and  alveoli  is  not  exchanged  directly 
with  every  respiration,  but  only  by  a  process  of  diffusion  from  the 
larger  air  passages.  The  deeper  the  respiration,  however,  the  further 
does  the  vapor  penetrate  and  the  lower  the  concentration  needed  to 
change  the  quantity  in  the  blood.  An  experienced  ansesthetist,  by 
watching  the  respiration,  removing  the  mask  during  deep  breathing 
and  replacing  it  when  it  becomes  steady,  can  regulate  with  sufBcient 
nicety  the  concentration  of  the  antesthetic  in  the  alveoli  and  thereby 
the  quantity  in  the  blood.  When  ansesthesia  has  been  attained,  he  of 
course  ceases  the  administration  until  the  return  of  the  reflexes  indi- 
cates awakening  consciousness,  and  even  then  applies  much  smaller 
quantities  than  were  necessary  at  first.  This  method  of  inducing 
anEesthesia  requires  the  amesthetist  to  watch  only  the  respiration  and 
the  reflexes,  and  is  that  advised  by  Simpson  and  his  followers  (see 
Hyderabad  Commission  Eeport).  A  further  safeguard  has  been 
sought  for  in  the  condition  of  the  pulse,  and  this  would  seem  the  nat- 
ural consequence  of  what  has  been  stated  above  as  to  the'importance 
of  the  condition  of  the  heart.  The  pulse,  however,  is  not  very  reliable 
as  a  guide  in  antesthesia,  for  in  the  second  stage,  in  which  a  certain 
number  of  fatalities  occur,  it  is  quickened  by  the  excitement  and  may 
be  irregular,  and  only  gives  indications  of  danger  when  it  is  too  late 
to  take  measures  to  prevent  it.  In  the  third  stage  it  may  become 
gradually  weaker,  and  thus  indicate  approaching  danger,  but  if  the 
respiration  be  watched  the  warning  is  given  earlier.  A  large  number 
of  aniesthetiats  advise,  however,  that  pulse  and  respiration  both  be 
watched,  and  this  would  seem  to  be  the  safest  method,  provided  always 
that  the  anEcsthetist  does  not  depend  on  the  pulse  too  much  for  indica- 
tions of  danger,  and  does  not  allow  it  to  distract  his  attention  from 
the  more  important  indications  given  by  the  respiration. 
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PrwtminMT  Ezamlnatloiu — ^Before  anssthesia,  a  careful  examinatioQ  **"*  •*•«- 
should  be  made  of  the  condition  of  the  patient,  and  if  there  is  great 
"TITli'rtT  flU'^  ^TpJ^pmpTit  a  hypodermic  injection  of  morphine  may  be 
given  beforehand,  or  chloral  may  be  prescribed,  but  these  are  rarely 
Dggesa^ry^.  Valvular  dTe&se  of  the  heart  does  not  contraindicaleMi 
itnaathetic  unless  there  are  marked  symptoms  of  inefficiency,  such  a^l 
dropsy  or  cedema.  In  fatty  disease  of  the  heart,  on  the  other  hand,  I 
chloroform  is  to  be  avoided,  and  if  it  seems  extensive,  ether  is  also! 
dangerous  from  the  strain  put  on  the  circulation  during  the  excite-' 
ment.  Chloroform  is  liable  to  induce  fatty  degeneration  of  the  heart, 
and  for  this  reason  it  would  not  seem  advisable  to  use  it  in  successive 
operations  on  the  same  patient.  Atheromatous  arteries  are  dangerous 
from  the  tendency  to  apoplexy  during  the  second  stage  also,  and  if 
ansesthesia  is  absolutely  necessary,  an  opiate  ought  to  be  given  pre- 
viously. Anaesthesia  is  said  to  be  dangerous  in  cases  of  brain  tumor, 
and  this  may  possibly  arise  from  the  fragility  of  the  vessels.  Incases 
of  bronchitis  and  pufnrrh  nf  t|[p  air  passages,  chloroform  is  to  be  pre- 
ferred to  ether  as  it  ia  less  irritating,  while  in  Bright's  disease  chloro- 
form is  generally  more  injurious  than  ether  from  the  resultant  albu- 
minuria and  tendency  to  fatty  degeneration,  although  ether  is  also 
believed  by  many  to  disturb  the  renal  functions.  Advanced  diabetes 
contraindicates  aniEsthesia,  the  sugar  increasing  in  the  urine  after- 
wards and  coma  and  death  sometimes  supervening  in  the  course  of  a 
few  days.  Da  Costa  recommends  that  where  there  are  symptoms  of 
antemia,  an  examination  of  the  blood  should  be  made  before  an»s- 
tbesia,  and  states  that  where  the  hmmoglobin  is  found  to  be  deficient, 
great  care  is  necessary  and  that  where  it  is  lower  than'  50  per  cent,  of 
the  normal,  an  aneesthetic  is  contraiudicated. 

Practical  Anwrthesia. — The  patient  should  have  a  light,  easily  di- 
gested meal  2-4  hours  before,  so  that  the  stamgfh  mav  hn  empty  aud 
vomiting  avoided  as  far  as  possible.  The  boifels  should  also  be  regu- 
lated  the  day  before  for  the  same  reason.  He  should  then  be  laid  on 
a  table  of  suitable  height  with  a  low  pillow,  and  shnuli^  remove  falae 
_teeth  and  any  other  foreipp  nlijpfit  from  tl]fi  mmifk  The  clothing 
"about  tne  neCK,  cnest  and  abdomen  is  to  be  loosened  or  removed  to 
allow  of  perfectly  free  respiration,  but  warm  blankets  or  warm  bottles 
should  be  applied  aq  fnr  '"'  p''°°''''V  t~p'-oTfO">  thu  fall  nf  fPTnp^rfttjire 
'iJ^jhe^flpftTHtiftTi  is  liVply  fo  be  a  long  one.  The  eyes  are  closed  _in 
order  to  protect  the  com'um^tivH  from  tie  irritating  vapor.  The 
aiucsthetic  is  then  applied  on  a  towel  or  on  a  mask,  which  ought  to 
be  freely  ppiTTipablo  >iy  t>ia  oir  and  ought  not  to  fit  closely  to  the  face. 
It  mast  be  remembered  that  the  air  passes  through  clotn  with  much 
greater  difficulty  when  it  is  wet  by  the  saliva  and  mucus,  and  that  a 
mask  which  is  freely  permeable  at  the  commencement  of  an  operation, 
may  lead  to  asphyxia  after  it  has  been  soaked  during  the_  first  and 
second  stages.  The  patient  is  instructed  to  breathe  as  regularly  as 
possible,  or  to  count  from  one  upwards,  and  some  of  the  aneesthetic  is 
dropped  on  the  mask.     If  the  breath  be  held,  the  mask  should  be 
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raised  a  little  from  the  face,  as  the  next  inspiration  will  be  a  very  deep 
one.  During  the  excitement  stage  the  respiration  is  irregular,  and 
great  care  must  be  taken  to  avoid  the  inhalation  of  too  concentrated 
vapor.  As  soon  as  the  conjunctival  reflex  disappears,  the  maak  is 
removed,  and  is  replaced  only  when  it  reappears  or  when  the  patient 
evinces  signs  of  pain.  Throughout  the  ansestheeia  care  must  be  taken 
to  prevent  any  interference  with  the  respiration  by  the  operator  lean- 
ing on  the  thorax  or  abdomen.  Very  often  stertorous  respiration  sets 
in  from  the  tongue  falling  back  into  the  throat,  and  this  has  to  be 
remedied  by  pressing  forward  the  angle  of  the  jaw,  or  if  this  is  not 
stifficient,  by  pulling  out  the  tongue  with  a  blunt-pointed  forceps. 
Vomiting  is  a  very  common  occurrence  in  ansesthesia,  and  when  it 
sets  in  the  head  is  turned  to  one  side  and  the  vomited  matter  removed 
with  a  sponge. 

A  more  serious  accident  is  the  failure  of  the  respiration.  A  reflex 
arrest  often  occurs  in  the  first  stage,  but  is  not  of  importance  in  itself, 
but  only  from  the  deep  gasping  inspiration  which  follows  it.  If  the 
amestbetic  be  given  too  long  in  concentrated  form,  however,  the  respi- 
ration fails  from  direct  action  on  the  centre,  and  this  demands  imme- 
diate attention.  The  head  ought  to  be  lowered  at  once,  and  the  lower 
limbs  elevated,  in  order  to  drive  the  blood  to  the  head  as  far  aa  pos- 

Iaible  and  thus  remedy  the  ansemia  of  the  brain  from  the  weakness  of 
the  heart  that  accompanies  the  cessation  of  the  respiration.  The  epi- 
glottismust  be  raised bypressingforwardtheanglesofthejaw (Hare), 
or  by  dra^ng  forward  the  base  of  the  tongue  with  hook  or  finger. 
AdJficial  respiration  in  one  or  other  form  ought  to  be  commenced  at.  ■ 
<a)£fi,  and  carried  on  as  long  as  is  necessary ;  a  large  number  of  methoSs 
of  performing  artificial  respiration  have  been  proposed,  but  they  can 
only  be  taught  in  a  practical  class  and  need  not  be  entered  upon  here.' 
I  If  tiie  pulse  is  weak,  intermittent  pressure  over  the  heart  may  aid  it  in 
I  carrying  on  the  circulation,  and  it  has  been  proposed  to  pass  one  hand 
up  under  the  ribs,  and  then  press  the  heart  between  the  two  hands  and 
aid  it  in  expelling  its  contents.  If  the  heart  stops  at  this  stage,  there 
is  little  hope  of  reviving  the  patient,  although  this  can  often  be  done 
in  animals  by  kneading  the  heart  between  the  two  hands.  Various 
drugs  have  been  recommended  in  these  cases,  but  it  is  exceedingly 
questionable  whether  they  are  really  of  service ;  alcohol,  ammonia  and 
ether  have  been  injected  subcutaneously,  and  may  conceivably  cause 
such  local  irritation  as  to  reinstate  the  respiration  refiexly,  although 
<  this  is  improbable.  Strychnine,  caffeine  and  atropine  have  been 
injected  as  respiratory  stimulants,  and  digitalis  to  strengthen  the  heart 
contraction;  as  a  matter  of  fact,  however,  if  the  circulation  is  strong 
enough  to  cause  the  absorption  of  these  drugs  and  carry  them  to  the 
respiratory  centre  and  the  heart,  the  patient  will  recover  with  the 
artificial  respiration  alone,  while  on  the  other  hand,  they  are  of  no 
value  unless  absorbed.     Nitrite  of  amyl  is  often  given  by  inhalation 

■  For  a  eomparisan  of  the  efficacy  of  diSereot  forma  see  Schdfer,  Medteo- 
Chiror^eal  TrauBaetions,  yol.  Izzxri.,  capplemeiit,  1904. 
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in  cases  of  accident,  but  the  blood-preaaure  is  so  low  already  that  there 
really  seems  no  advanta^  in  reducing  it  further,  and  amyl  nitrite 
can  have  no  other  action.  In  animal  experiments,  the  best  results 
are  obtained  by  the  intravenous  or  intracardiac  injection  of  adre- 
nalins in  saline  solution. 

Sudden  arrest  of  the  heart  is  the  most  dangerous  accident  of  anees- 
theaia,  and,  as  Embley  has  shown,  is  due  to  inhibitory  stimulation 
acting  on  the  weakened  heart.  The  treatment  consists  in  inversion, 
artificial  rpRpimtinn,  nnH  mnaanfrp  nt  t^ftl)pa^rt..      ^Stropine  should  bq 


injpo.fjfijIj^jtrHor  tn  pnralyTn  thg  ■"^''hitnrT""'^^haTiiapi,  nnfl  jj|  piVtp  fi-f 
the  arrest  of  the  circulation  it  might  be  thrown  into  the  heart  di rectly 
bymeans  of  a  long  hypodermic  needle. 

ill  UlwwUWli  lit  Tfery  long  operations  it  is  recommended  to  allow 
the  patient  to  almost  recover  consciousness  at  intervals,  but  this  is 
often  impossible  without  interfering  with  the  course  of  the  operation. 
It  most  be  remembered  that  in  prolonged  antesthesia  comparatively 
small  quantities  are  required  to  maintain  unconsciousness  when  it  is 
once  completely  reached,  and  at  the  same  time  that,  owing  to  the  fall 
of  temperature  and  the  prolonged  action  of  the  drug,  tiie  quantity 
necessary  to  produce  cessation  of  the  respiration  and  the  heart  is  much 
smaller  than  during  shorter  operations.  In  order  to  induce  anees- 
thesia  within  a  reasonable  time,  comparatively  strong  vapor  may  be 
used,  but  as  soon  as  unconsciousness  is  reached,  the  vapor  ought  to  be 
diluted  as  far  as  is  compatible  with  the  continuation  of  the  narcosis.* 

On  the  completion  of  the  operation,  the  patient  seldom  requires 
further  attention  from  the  anEcsthetist ;  after  prolonged  ansesthesia 
heat  may  he  applied  by  warm  bottles,  etc.,  as  the  temperature  often 
continues  to  fall  for  some  time  after  the  administration  of  the  drug 
has  ceased.  If  vomiting  persists  after  the  recovery  of  consciousness, 
ice  may  he  sucked,  or  bismuth  may  be  prescribed.  The  inhalation 
of  vinegar  has  been  recommended  and  relief  is  sometimes  given  by 
lavage  of  the  stomach. 

The  patient  should  always  be  placed  in  the  recumbent  position 
when  possible,  as  otherwise  the  weakened  heart  tends  to  drive  the 
blood  in  the  direction  of  least  resistance,  that  is,  downwards,  and  in 
the-  depressed  condition  of  the  vasomotor  centre,  this  is  not  counter- 
acted by  the  contraction  of  the  arterioles  of  the  abdomen,  and  ansemia 
of  the  brain  and  syncope  are  liable  to  result.  The  operation  ought  | . 
not  to  be  commenced  until  ansesthesia  is  complete;  otherwise  reflex  1 1 
inhibition  of  the  heart  or  shock  may  result  and  lead  to  fatal  results. 

Various  drugs  have  been  advised  as  preliminaries  to  amesthesia, 
generally  with  the  object  of  preventing  the  reflex  arreat  of  the  respira- 
tion and  heart  Thus  atropine  and  sparteine  have  been  proposed  to 
paralyze  the  vagus,  and  to  arrest  the  mucous  secretion  and  vomiting, 

'In  anestheeiBi  with  measured  percentsgeB  of  chloroform,  Alcock  found  it  best 
to  Eommenee  with  vapor  of  one  par  cent.,  rising  to  2  per  cent,  after  two  minuteB 
and  to  2%~3  per  cent,  in  five  minntes;  thin  rtrengtli  was  coutlnaad  until 
annsthesia  was  attained  after  which  the  concentration  was  rednced  to  2  per  eent 
and  fnrtheT  to  1  per  cent,  ia  the  course  of  20  —--■-- 
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and  sprajing  of  the  nose  'with  cocaine  has  recently  been  advised  to 
paralyze  the  sensory  terminations  and  so  prevent  the  irritation  which 
seta  up  the  reflexes.  It  has  been  proposed  to  dilate  ether  or  chloro- 
form vapor  with  oxygen  instead  of  air,  bat  there  seems  no  theoretical 
reason  why  this  should  have  any  advantages,  and  in  practice  it  has 
been  nsed  in  too  limited  a  nnmber  of  cases  to  allow  of  trustworthy 

I  inferences.  In  order  to  avoid  the  unpleasant  suffocating  effects  of 
ether  and  to  permit  of  less  concentrated  vapor  being  used,  the  injection 

I  of  0.01-0.02  G.  (i-i  gr.)  of  morphine  has  been  advocated  as  a  pre- 

I  liminary  to  ether  anaesthesia,  and  this  has  become  a  routine  procedure 
in  some  clinics  from  which  satisfactory  results  are  recoriied.  In 
others  some  less  unpleasant  anesthetic,  such  as  nitrous  oxide  or  ethyl 
chloride,  is  used  to  induce  anaesthesia,  which  is  afterwards  maintained 
by  ether. 

Of  late  years  a  good  deal  of  interest  has  been  excited  by  the  dis- 
covery that  the  perils  of  ansesthesia  are  not  over  when  consciousness 
returns,  but  that  fatal  consequences  may  follow  several  days  later. 

I  These  late  fatalities  are  due  to  fatty  changes  of  the  heart,  liver  and 
kidneys  or  to  diabetic  coma  in  the  case  of  chloroform,  to  bronchitis, 

'  pulmonary  cedema  and  pneumonia  after  ether.     No  reliable  data  are 

I  as  yet  available  as  to  the  frequency  of  these  sequelte,  as  it  is  very 
difficult  to  distinguish  between  the  results  of  the  ana3sthetic  and  the 
ordinary  forms  of  disease.  Even  the  proportion  of  cases  in  which 
albuminuria  occurs  after  chloroform  seems  to  vary  remarkably  in 
different  hospitals,  for  it  is  given  as  low  as  5  per  cent,  by  some  authors 
and  as  high  as  30  per  cent,  by  others;  this  may  perhaps  be  explained 
by  differences  in  the  duration  of  the  aniesthesia.  The  irritant  effects 
of  ether  and  the  liability  to  pulmonary  affections  afterwards  have  been 

I  so  evident  that  some  surgeons  have  returned  to  the  use  of  chloroform, 
believing  that  the  late  effects  in  ether  claimed  as  high  a  proportion  of 
victims  as  the  more  immediate  effects  of  chloroform.  This  irritant 
action  of  ether  may  be  avoided  to  some  extent  by  allowing  the  vapor 
to  be  inhaled  in  a  more  dilute  form  than  is  often  used  in  inducing 
antesthesia.  And  there  is  reason  to  believe  that  the  pulmonary  effects 
are  often  intensiffed  by  the  air  inhaled  being  chilled  by  the  evapora- 
tion of  the  ether,  and  that  they  may  be  lessened  if  this  is  avoided  by 
suitable  inhalers. 

Various  Hixtmres  of  the  AnsBthstics  have  been   advised  at  different 
times.    Of  these  the  ACE  mixture  (alcohol  I,  ether  2  and  ohlorofoiia  3  parts 
by  volume]   is  the  b€st  known.    Its  use  has,  however,  been  attended  with 
numerous  fatalities,  aa  was  only  to  be  expected  from  a  consideration  of  ths 
volatility  of  the   different  ingredients.     Ether,  being  the  most  volatile,  is 
first  inhaled,  and  then  chloroform,  and  last  of  all  the  alcohol.     The  safe  con- 
I  centration  of  ether  is,  however,  much  greater  than  that  of  chloroform,  and  a 
j  vapor  which  may  be  perfectly  safe  as  long  as  it  consists  of  ether  for  the 
I  most  part,  may  become  exceedingly  dangerous  when  it  consists  of  chloro- 
form.    This  method,   therefore,  increases  the  responsibility  of  the  chloro- 
formist  by  leaving  >iiTii  in  complete  ignorance  as  to  the  composition  of  the 
annstbetic  at  any  given  time.    The  same  criticism  applies  to  a  mixture  of 
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'3  sDBsthetics  advocated  by  Scbleich  and  contaiaifa^  ether,  chlorofomi  and 
petrol,  which  enjoyed  a  brief  popularity  some  years  ago- 

The  chief  ai^ument  in  favor  of  mixed  annstheticB  is  that  together  they 
are  more  powerful  than  twice  the  quantity  of  either  alone.  This  has  been 
shown  to  be  the  case  by  Honigmann  and  is  due  to  the  fact  that  they  render 
each  other  lees  soluble  in  water  and  are  therefore  more  readily  absorbed  by 
lipoids  (Fnehner),  But  the  practical  difficulties  in  the  administration  of 
definite  quantities  have  not  aa  yet  been  solved. 

Ethyl  Ohiorida  (C^,C1)  has  been  advocated  of  recent  years  as  an  an- 1 
nsthetic  for  minor  operations  and  examinations,  and  possesses  the  advantages  j 


of  acting  very  nniclilv  .anil  nf  IpAving  no  aft^--  flff'u'ti  eisfff'*  "•'••"H^naily  qprnal 
Mosea,  the  patient  generally  feeling  perfectly  well  in  a  few  mmutes.  It  ia 
kept  in  sekled  tubes  and  inhaled  through  a  mask  as  it  is  extremely  volatile, 


I,  the  patient 

a  sekled  tube 

boiling  at  about  12°  C. 


An^irfllffiin  in  nhtaintid  in. about  2-5  minutes,  but 

TnHr)p    \^   oftpp    nhnpnt;.     Recovery    follows    a    few 

minntes  aft«r  the  removal  of  the  mask.  It  is  oo^juipleamnt- to  inhale  and 
generally  induces  no  excitemaat- or  other  nnfavorable  symptoms.  Th«_OTlsa 
is  generally  slowed,  while  the  reapiiation  is  4bs^-  Embley  states  tbaT'iii 
animals  the  effects  are  similar  to  those  of  chloroform,  bnt  that  it  is  leas 
poisonous  to  the  heart,  about  19  times  as  concentrated  vapor  being  neces- 
sary to  weaken  it.  The  concentration  of  ethyl  chloride  vapor  necessary  to 
induce  cardiac  inhibition  is  four  times  that  of  chloroform,  and  this  inhibition 
is  not  fatal  as  the  heart  muscle  is  less  affected.  The  vapor  may  be  inhaled 
in  5-7  per  cent,  concentration  without  inducing  inhibition  in  the  dog. 
Niclouz  found  about  20  mgs.  of  ethyl  chloride  per  100  e.c.  in  the  blood  in 
light  ansstheeia,  from  30  to  150  mgs.  in  deep  anssthesia  and  40-180  at 
death.  A  number  of  fatalities  have  occurred  under  its  use,  about  one  in 
three  thousand  of  those  antesthetized.  Some  fnajor  npfiratinnH  have  been 
performed  under  ethyl  chloride,  but  it  is  ^onnrf  jifflcnlt  Tn  maintiiin  » 
uniform  aniesthesia,  owing  to  the  rapidity  with  which  conseiousoess  retains;. 
It  IS  oiten  empibyed  to  introduce  ^awthpiiaf     ' 


I,  tttliph    in    thfrfi    r 


""♦""■^    mth 


-  Ethyl  chloride  should  not  be  administered  in  larger  quantities  than 

4r-5  cc. 

Various  other  members  of  the  fatty  series  have  been  introduced  as  general 
annsthetics  at  different  times,  but  few  of  them  have  proved  to  have  any  advan- 
tage over  chloroform  and  ether,  and  fatalities  have  occurred  after  all  of  those 
that  have  received  a  wide  trial.  Featal,  trimethylethylene  {{CH,),C 
=  CHCH.)  was  introduced  for  short  operations  but  a  number  of  accidents 
occurring  under  it  have  curtailed  its  use.  It  produces  ansasthesiB  before  the 
reflexes  disappear  or  the  muscles  relax,  and  not  infrequently  the  jaws  are 
tightly  closed  after  consciousness  is  lost.  In  some  cases  tremor  and  con- 
vulsive attacks  have  occurred  during  its  administration,  but  it  seems  to  have 
very  little  action  on  the  heart  or  circnlatioh.  'R*>'yi  BTftmiHa  (C^,Br)  has 
also  been  used  for  short  operations  instead  of  enloroform,  and  produces 
iinMtl^ftBiit  yith  great  rapidity.  ConsciouBness  returns  quickly  ^ter  the 
r^oval  of  the  mask,  hut  inT  inhalation  is  not  so  pleasant  aa  that  of  ethyl 
chloride  and  patients  complain  of  greater  depression  and  discomfort  after- 
wards. Eennicke  found  that  10  vol.  per  cent,  of  ethyl  bromide  were  neces- 
sary to  anssthetize  animals  within  five  minutes,  and  that  if  this  concentration 
were  maintaioed^eath  occurred  in  fifteen  minntes,  so  that  it  b  by  jjo  means  to 
be  considered  a'TOrfBi-tIv  safe  anasthetic ;  several  deaths  have  occurred  from 
its  use  in  dentistry.  Botn  pental  and  ethyl  bromide  are  admicistered  on  a 
mask  in  the  same  way  as  ether.     Ethvl  bromide  mnat  Iw  i^JBHug-^iiHhi'iT  from 

^^tivy]..,.  K..^„,;^^    fC^.Br,^    whjph  ia  a  much   tnorfi  ^nnfr^mug  anteathetie. 

"Ethyl  bromide  is  very  liable  to  decomposition  when  kept  long,  and  is  often 
furnished  in  an  impure  form;  it  ought  to  be  perfectly  colorless,  as  a  jgellowisb 
color   indicates   def;nmr""^'Tri    rftrn    with   the   presence   of   f ree  TrominoT 
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180  OBQANIC  SUBSTANCES  ACTING  AFXEB  ABSOBFTION. 

1  The  other  members  of  this  series  possess  no  practical  importance.  It  may 
be  mentioned  that  trtrachloride  of  carbon  (CCl,)  differs  from  the  others  in 
oausing  convulsions,  while  perchlorethone  (C,(3,)  is  a  crystalline  solid  and 
possesses  too  high  a  boiling  point  to  be  available  for  inhalation. 

Tberapantic  Uses. — Ansesthesia  is  generally  induced  for  the  purpose 
of  surgical  operations  and  esaminationa,  and  in  labor.  Until  recent 
years,  when  it  was  necessary  to  perform  an  operation  or  manipulation 
involving  much  pain,  the  surgeon  had  to  consider  only  which  of  the 
two  general  ansesthetics  was  the  better  adapted  to  the  case.  But  the 
improvements  introduced  in  the  methods  of  inducing  local  anEestbesia 
and  the  reintroduction  of  nitrous  oxide  and  ethyl  chloride  as  snt^cal 
ansstbeticB  have  now  enlarged  bis  field  of  choice,  and  the  farther 
question  has  to  be  met  whether  unconBciouaneas  is  desirable,  or  whether 
the  necessities  of  the  case  may  not  be  met  by  paralyzing  sensation  at 
the  seat  of  operation  only.  The  advantages  claimed  for  local  ames- 
thesia  will  be  discussed  under  cocaine,  but  the  general  conditions  in 
which  chloroform  and  ether  are  to  be  preferred  may  be  stated  shortly 
(see  also  nitrous  oxide).  General  auEesthcsia  is  absolutely  essenti^ 
where  complete  relaxation  of  the  muscles  is  desired,  and  where  the 
movements  of  the  patient  may  imperil  the  success  of  the  operation. 
Operations  on  the  abdominal  organs  and  around  joints  and  such  others 
as  involve  wide  and  deep  incisions  will  almost  certainly  continue  to  be 
performed  under  chloroform  or  ether,  although  a  few  such  operations 
have  been  attempted  under  cocaine.  In  many  less  serious  operations 
it  is  necessary  also  to  have  recourse  to  the  older  methods,  which  allow 
^eater  freedom  to  the  surgeon,  who  is  under  no  apprehension  that 
be  may  reach  a  sensitive  area  and  has  thus  one  less  source  of  anxiety 
than  if  the  aniesthesia  were  localized.  Another  argument  for  the  use 
of  general  anEesthetics  is  the  effect  which  the  anxiety  and  the  sights 
and  sounds  of  the  operating  room  may  have  on  a  nervous  patient  even 
when  no  actual  pain  is  felt.  And  a  considerable  amount  of  practice 
is  required  before  complete  local  amesthesia  can  be  induced  over  an 
extensive  field  of  operation,  while  the  surgeon  has  often  to  interrupt 
his  manipulations  in  order  to  admit  of  a  fresh  area  being  rendered 
analgesic  But  there  is  no  question  that  many  operations  in  which 
ether  or  chloroform  have  hitherto  been  employed,  will  in  the  future  be 
performed  more  often  under  local  aniesthesia  or  nitrous  oxide.  In 
this  class  may  be  included  moat  minor  operations  in  which  only  very 
short  or  partial  anaesthesia  is  necessary  and  in  which  no  complica- 
tions are  to  be  anticipated.  Nitrous  oxide  and  ethyl  chloride  are 
scarcely  to  be  regarded  as  rivals  to  ether  and  chloroform  in  any  but 
minor  operations.  But  in  these  they  have  the  great  advantage  that 
the  patient  can  be  dismissed  within  a  few  minutes  after  the  operation 
is  completed,  while  if  ether  or  chloroform  is  employed  complete  re- 
covery is  only  reached  after  several  hours;  when. the  latter  are  used 
in  minor  operations,  the  discomfort  resulting  from  the  ansesthetic  may 
be  altogether  out  of  proportion  to  the  actual  surgical  manipulation. 
I      Daring  labor  only  the  lighter  degrees  of  anaesthesia  are  necessary. 
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the  object  being  to  dull  the  pain  without  lessening  to  any  marked  *- 
extent  the  reflex  irritability  of  the  spinal  cord,  and  accidents  are  I 
extr^nelj  rare  in  this  nse  of  ansesthetics,  although  the  common  state-  j 
ment  that  they  are  unknovn  is  incorrect.     Some  cases  have  been  ' 
recorded  in  which  it  is  believed  that  chloroform  was  fatal  to  the  child 
and  not  to  the  mother,  but  it  is,  of  course,  impossible  to  state  with 
certainty  that  the  ansesthetic  was  the  cause  of  death.     If  too  deep 
anffisthesia  is  prodnced,  however,  it  is  quite  conceivable  that  the  labor 
may  be  prolonged,  or  the  blood-pressure  so  reduced  as  to  lead  to  an 
imperfect  exchange  of  gases  in  Uie  placenta  and  thus  to  the  death  of 
the  infant;  or  as  another  explanation  it  might  be  snggested  that  the 
irritability  of  the  respiratory  centre  of  the  child  may  be  so  reduced 
that  it  fails  to  react  when  the  placental  circulation  is  interrupted. 

Ansesthetics  are  also  employed  in  cases  of  extreme  irritability  of 
the  central  nervous  system,  as  in  strychnine  poisoDing,  tetauMfl  fl^BQ^pf^ 
convulsive  attections.  In  order  to  reduce  theae,  it  is  imnecessary  to 
produce  deep  anaesthesia,  a  few  whiffs  of  chloroform  being  generally 
sufficient  to  produce  quiet,  often  witbont.&flaetiB|;  the  eoHfloiouaacsi  to 
^any  marked  extant.  In  cases  ol  very  acute  pain,  chloroform  or  ether 
may  be  used,  but  as  a  general  rule  morphine  or  opiom  is  preferable, 
as  the  action  lasts  much  longer  and  the  administration  is  much  more 
convenient. 

During  the  stage  of  excitement  of  aneestbeaia,  the  dreams  of  the  i 
patient  sometimes  assume  an  erotic  character,  and  charges  of  criminal  I 
assault  have  been  repeatedly  brought  against  surgeons  by  women  whom  | 
they  had  ansesthetized.  It  is,  therefore,  advisable  to  give  chloroform  I 
to  women  only  in  the  presence  of  a  third  person. 

The  local  action  of  chloroform  and  ether  on  the  stomach  and  skin 
is  entirely  independent  of  their  action  as  ansesthetics,  and  will  be 
discussed  separately  (see  page  182). 

Fbefabations. 
XJ.  8.  P. — nm/iitftwiHMTTM,  a  liquid  containing  99-99.4%   by  weight  of 
absolnte  chloroform  (CHCl.)  and  O.fi-Tg.  of  ftlcnhnl.  ^01j 

^^rRim.  ether,  a  liquid  cordpogea  oi  about  96%  by  weight  of  absolnte  etherT 


ether,  a  liquid  cordposed  of  about  96%  by  weight  of  absolnte  ether  r,         \ 
jjje  ( {<iflj,0iand  about  4%  of  alcohol  containing  a  little  water.  "^^tliyL  ' 
BCHLORmuM,  etEyl  chloride  (C^.Cl),  an  Kctremely  volatjile  liquid 
boiling  at  12.6-13"  C.  (about  56"  P.).  "  *^ 

B.  P. — Chlobotorhum,  chloroform  (CHCl,),  must  have  a  specific  gravity 
of  1.490-1.495,  that  is,  must  contain  99%  of  absolute  chloroform. 

JEther,  ether,  or  sulphuric  ether,  a  volatile  liquid  prepared  from  alcohol 
and  containing  not  less  than  92%  by  volume  of  pore  ether  or  ethyl  oxide 
((C^.),0). 

.;Ethbe  PuKinCATDS,  ether  freed  from  most  of  the  alcohol  or  water,  and 
of  0.720-0.722  specific  gravity. 

"^'llfrefflmi  is  ordinarilT  formed  by  the  action  of  chlorine  on  alcohol,  the 
chlorine  being  added  in  tne  Horm  ot  cnionnated  lime.  The  crude  drug  ia 
purified  by  repeated  WUbinfr  with  water  and  sulphuric  acid,  and  dried  over 
calcium  chloride.  The  fatalities  following  its  use  have  frequently  been 
ascribed  to  impurities,  and  a  certain  demand  has  arisen  for  a  purer  artida 
than  that  required  by  the  pharmacopceias.    Another  method  of  preparation 
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^  hu  therefore  been  introduced,  the  decomposition  of  chloral  hy  soda  (Chloro- 
formum  e  Chloral  praparatum).  Other  pure  forme  are  prepared  trom  ordi- 
nal; chloroform  b;  crjstallixin^  it  by  cold  (Fictet),  or  by  forming  a  com- 
pound with  salicylid  and  decomposing  it  again  by  sUj^t  beat,  Chloroform 
i_Antckutt)  or  Chloroform  (Salicylid). 

The  imporitiea  of  dilorofonn  are  due  partly  to  imperfect  mannfaetare  and 
^  pirtlTip^  ly""*!^^'""  ^ong  with  Uie  chloroform  then  dishls  over  a 
amall  Quantity  of  heavy  oily  fluid,  which  may  be  isolated  by  Pictet's  method, 
bat  whose  composition  is  entirely  unknown.  DuBois-Reymond  found  that 
this  fluid  acted  more  strongly  on  the  heart  than  pure  chloroform,  but  it  is 
very  questionable  whether  the  minute  quantities  inhaled  in  ordinary  anau- 
theda  produce  effects  of  any  importance,  and,  on  the  other  hand,  it  is  qnite 
certain  that  the  use  of  absolutely  pure  chloroform  does  not  prevent  accidents. 
~  ■       "  "  Toaition  when  Bipns^ii  tit  lipht  ar\A   ■{r,  byto>- 

■         ~"  an  affect 


^oric  afiH  "hH  fhlnri""  ^^^'Higsat  rntrt  >n  tmn"  T'lnti'v      These  c 

meeourae  of  anestheua  only  through  their  local  irritant  action,  but  if  prewnt 
in  snCBeient  quantity  may  cause  the  respiration  to  be  more  irregular  than 
uBual  in  the  earlier  stages;  the  chloroform  used  for  antesthetic  purposes 
ought,  therefore,  to  be  kept  in  a  dark  place  or  in  colored  bottles.  Another 
decomposition  occurs  when  ctloroCorm  is  evaporated  m  ine  neighborhood  of 
a  large  flame,  such  as  that  from  gas  or  lamps,  and  hydrochloric  acid  and 
phosgen  (CC1,0)  are  formed,  the  latter  being  a  gas  with  exceedingly  irritant 
properties. 

Chloroform  is  a  heBvv.volatils,^tiid,  of  characteristic  pleasant  odor  and  hot 
«»^|;ipii  tnatfl  ItsBpeeiflirffavity  is  1.490  (U.  S.  P.)  and  1.490-1.495" 
XB.  P.),  and  jt  hnilt  at\  fift  fi?°  fi  A  number  of  tests  are  given  for  impuri- 
ties, but  those  of  importance  can  generally  be  detected  by  the  odor,  eape^ally 
if  some  chloroform  be  allowed  to  evaporate  in  a  watch-glass,  when  the  litf 
I  drop  ought  to  havg  ^r*  '"^tjn^  <»ffp.-.f:  whan  inhHlpH  Chlorine  and  hydro- 
lehlerie  slilI  Itlfl^  biTteated  for  by  shaking  the  chloroform  with  distilled  water, 
'and  t«sting  the  latter  with  potassium  iodide  and  starch  and  with  tdlver  nitrate. 
The  water  ought  to  give  no  acid  reaction  to  Utmns.  If  left  in  contact  with 
concentrated  sulphuric  acid,  chloroform  should  not  become  darker  within 
one  hour,  as  this  indicates  the  presence  of  some  foreign  unstable  body.  The 
other  impurities  require  complicated  chemical  processes  for  their  detection. 
Ether  is  prepared  by  the  action  of  sulphuric  airJi]  nn  nlnnhnl.  and  is  sub- 
ffater  and  alkalies.    It  Beld( 


sequently  purified  by  washing  with  water  a  ^__^__ 

impurities  of  importance,  .^ther  (B.  P.)  is  nnsuited  for  annstheda,  and, 
tar  fact,  is'  Uliliiely  superflnous.  .^ther  purificatus  (B,  P.)  and  .^ther 
(U.  S.  P.)  are  practically  identical  and  are  the  forms  intended  for  inhalation. 
Ether  is  a  very  rnlntilr  fliiiH,  nf  n  giiffnrntinci  irritnnf  "■^'"'  ""i  hittRT  tf**' 
Its  speci^Tgravnyla  0.725-^.728  (U.  S.  P.),  and  0.72CM).722  (B.  P.),  and 
its  boiling  point  is  36-37°  C.  It  evaporates  very  rapidly  in  the  air  and 
should  IfilTf  ""  fi'iiiitii  niliir  mil  nn  rnnidiir  It  should  not  color 'litmus 
paper,  nor  be  colored  within  an  hour  when  shaken  with  potassium  hydrate 
solution.  Ether  vapor  is  exceedingly  inflammable  when  mixed  with  air,  and 
it  should  therefore  be  kept  in  a  cool  place,  away  from  gas  flames  or  lamps. 

Local  Action  and  Uses. 
In  addition  to  their  use  as  ansestbetics,  chloroform  and  ether  are 

sometimes  prescribed  for  the  same  purposes  as  the  volatile  oils. 
riilnrnfArTTi  >i>^q  a  hr^\^  awi^lif^K  tnato^  whilfl  ethflr  is  bijliffr  ftTllI  "'<^^ 
(^tingTS^he  mouth ;  a  sfinast.ion  r.f  hat^l  {^n(|  ftftfii  »f  pfljn  in  thp 
wt^Tpai'.h"To11o-wfl  wKpti  tbpy  sfft  Hvgftllowftd,  and  chloroform  jji»y  cause 
gastric  irritation  and  catarrh  when  given  undiTuted^     The  movements 
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of  the  stomach  are  aeeelerated,  and  Batelli  states  that  a  certain  amount 
M  sborteumg  of  tlie  muscular  fibres  occurs.  The  whole  effect  ia,  sim- 
ilatto thatjr<Tfl""*^l  *'T  th^  Tftlatiln  frilT,  but  absorption  probably  takes 
place  more  rapidly.  On  the  skin,  ether  evaporates  too  rapidly  to 
cause  much  irritation,  but  ^oroform  iB-uiiiaatiiiiuBy  used  as  a  rube- 
fsaent  in  the  forr 
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Pbbfasationb. 
The  pure  substances  may  be  administered  by  the  month,  but  more  fre- 
quently other  preparations  are  prescribed. 
Chloroform,  0.5-1  c.c  (8-15  mins.). 
^ther,  0.6-1  C.C.  (8-15  mins.). 
Spieitcs  J&TB.tWB  (V.  S.  P.,  B.  P.),  2-5  c.c.  (30-90  m.)- 

SpIRITDS  J&SHmiB  COMPOSrrnS  (U.  S.  P.,  B.  P.)    m^ffmnnri'^   Annr^yijiB^ 

eontaina  a  number  of  esters  of  ethyl  and  other  sobstances  known  as  "  ethereal 

oil,"  together  mth  ether  and  alcohol,  2-4  c.c.  (1/2-1  fl.  dr.).  %-~H^* 

Spiritus  Chlobofobmi  (U.  S.  P.,  B.  P.),  1-4  ce.  (20-60  min.)  (5-20  m. 
for  repeated  doses,  B.  P.). 

EmiOsum  Cidoroformi  (TJ.  S.  P.),  8  cc.  (2  fl.  drs.). 

dam  CMorotonaJX-  8-  P-,  B.  P.). 

LAiMinium  (ihloroformi  (U.  S.  P.,  B.  P.). 

TiiKtura  Chloroformi  et  iSorphince  Composita  (B.  P.)  contains  one  per 
cent  of  morphine  hydrochlorate,  chloroform,  pnissic  acid,  cannabis  indica, 
capsicum  and  oil  of  peppermint,  and  represents  the  patented  medicine 
"^orodyne."     Dose  5-15  m.    It  is  used  as  a  soporific  (see  morphine). 

Therapeutic  Ubsb. — These  preparations  are  used  for  the  same  pur- 
poses as  the  corresponding  preparations  of  the  volatile  oils.  Thus  th** 
spirits  and  emulsion  may  be  prescribed  as  carminatives  or  in  colic, 
while  the  liniment  is  used  as  a  counter-irritant.     Chloroform  water  ip 


an  antiseptic  of  considerable  power,  but  is  too  volatile  tor  surgical 

gpirits  of  ether  and  ether  itself  are  olUili  jgivua  iiiteinally  oir8ul<- 
cutaneously  in  cases  of  shock  or  sudden  collapse  in  the  same  way  as 
brandy  or  whiskey,  tboogh  Elfstrand  states  that  ether  injected  hypo- 
dermically  has  no  effect  on  the  heart  or  blood-pressure;  spirits  of 
ether  contains  a  much  larger  percentage  of  alcohol  than  ordinary 
whiskey.  Both  ether  and  chloroform,  but  more  especially  the  latter, 
have  been  used  internally  for  tapeworm  with  success.  There  is  always 
some  danger,  however,  that,  besides  destroying  the  parasite,  they  mayl 
cause  irritation  and  lasting  injury  to  the  intestinal  wall. 

Hoffmann's  anodyne  is  a  favorite  carminative,  and  is  often  added  to 
other  drugs  to  lend  them  an  agreeable  odor  and  tasta  It  is  also  used 
in  dilution  as  a  stimulant  in  the  same  indefinite  way  as  wine  and 
spirits,  and  its  large  percentage  of  alcohol,  together  with  the  bouquet 
given  it  by  the  various  esters  present,  entitle  it  to  be  ranked  among 
die  alcoholic  preparations. 

Both  spirits  of  ether  are  used  occasionally  in  expectorant  mixtures 
and  are  believed  to  increase  the  bronchial  secretion. 

Ether  evaporates  very  rapidly  and  leaves  a  sensation  of  cold,  and 
when  thrown  on  the  skin  in  a  fine  spray  it  produces  sufficient  cold 
to  numb  sensation  in  the  part  and  allow  of  minor  surgical  operaticois 
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(see  uses  of  cocaine).  Instead  of  ether  still  more  volatile  substancee, 
anch  as  ethyl  chloride  (boiling  point  12.5**  C.)  and  methyl  chloride 
(boiling  point  — 23°  C.)  have  been  introduced.  The  latter  ia  sup- 
plied in  pressure  cylinders,  and  is  allowed  to  escape  against  the  skin, 
while  the  others  are  thrown  against  it  by  pumping  air  through  them. 
The  local  aneesthesia  produced  bears  no  relation  to  t^eir  action  when 
inhaled,  but  is  due  simply  to  the  cold  produced  by  their  evaporation. 
The  vessels  of  the  part  contract,  and  the  absence  of  blood  and  hardness 
of  the  tissues  facilitate  some  operations,  but  the  subsequent  reaction 
is  liable  to  produce  oonsiderable  soakage  of  blood  from  the  wound. 
The  cold  elicited  ought  not  to  be  great  enough  to  actually  freeze  the 
tissues,  otherwise  the  healing  may  be  slow.  The  intense  cold  ia  often 
quite  as  painf id  aa  the  operation  itself  would  be  without  anyansestbetic. 
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/z.    HiteoTis  Oxide. 

The  oldest  of  the  sneesthetics,  nitrous  oxide,  ^^O,  does  not  belong 
to  the  methane  aeries,  but  may  be  discussed  at  this  point. 

Symptmni. — ^When  a  mixture  of  nitrous  oxide  and  air  is  inhaled 
for  a  few  seconds,  a  condition  resembliug  alcoholic  intoxication  is 
produced,  with  much  hilarity  a^j  ]n"f;l'»"r  °"  ^hofttio  /.^Mh  4TrJr,./vT.TT. 
popularly  as  "  Igggbing  gas."  Even  at  this  point  a  certain  amount 
of  anesthesia  is  obtained,  and  it  waa  the  observation  that  persons  fall- 
ing during  this  stage  did  not  complain  of  pain  that  first  suggested  to 
Wells  the  auEBsthetio  properties  of  the  gas.  Davy  had  noted  these 
forty  years  previoualy,  but  his  suggestion  that  nitrous  oxide  might  be 
used  in  surgical  operations  passed  unnoticed. 

The  inhalation  of  a  mixture  of  nitrous  oxide,  4  parts,  and  oxygen,t 
1  part,  causes  after  a  few  seconds  a  curbing,  dramming,  hammeringl  64w^  *■ 
in  the  ears,  indistinct  sight,  and  a  feeling  oFwarmth  and  comfort. ' 
The  movements  become  exaggerated  and  uncertain,  the  gait  is  stag- 
gering, and  the  body  swavs  from  side  to  side.  The  patient  seems 
brighter  and  more  livetv.  and  often  bursts  iutO  laughter.  Somewhat 
later  a  feeling  of  drowsiaeaajpay  come  on,  but  this  is  not  constant; 
the  sensibility  to  pain  is  much  less  acute  than  normally,  but  no  com- 
plete ansesthesia  is  produced  by  this  mixture  of  gases  j  the  sense  of 
touch  is  comparatively  little  altered,  and  total  unconsciousness  never 
results.  The  pupil  is  generally  slightly  dilated,  the  face  flushed,  and 
the  pulse  somewhat  accelerated. 

When  pure  nitrous  oxide  is  inhaled  without  the  admixture  of  oxy- 
gen, the  patient  passes  almost  instantaneously  through  the  symptoms 
dready  described,  but  then  loses  consciousnese  completely;  the  face  is 
cyanotic,  the  respiration  becomes  stertorous  and  dyspnffiic  and  ceases 
after  a  weak  convulsion,  while  the  heart  continues  to  beat  for  some 
time  afterwards.  If  the  mask  through  which  the  patient  has  been 
inhaling  the  gas  is  removed  when  the  cyanosis  becomes  marked,  very 
complete  ansesthesia  lasts  for  30-60  seconds,  and  the  patient  then 
recovers  within  a  few  minutes  and  suffers  from  no  after-effects  what- 
ever. No  prolonged  amestbeeia  can  be  produced,  however,  as  the 
respiration  becomes  endangered  if  the  mask  be  kept  on  longer  than  the 
beginning  of  the  cyanotic  stage. 

Action. — Nitrous  oxide  supports  combustion  outside  the  body,  for 
if  a  glowing  splinter  of  wood  be  held  in  it,  it  bursts  into  flame  exactly 
as  if  it  were  immersed  in  oxygen.  It  was  accordingly  believed  at  one 
time  that  nitrous  oxide  supported  the  combustion  of  ^e  living  tissues 
in  the  same  way  as  oxygen,  but  this  has  been  disproved,  for  as  far  as 
the  metabolism  of  protoplasm  is  concerned,  nitrous  oxide  behaves  in 
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the  Bamg  way  as  any  other  indifferent  gaa,  aucli  as  hydrogen  or  nitro- 
gen ;  that  is,  the  tissues  exposed  to  it  suffer  from  asphyxia  owing  to 
the  oxygen  of  the  air  being  excluded.  Thus,  plants  do  not  grow  in  an 
atmosphere  of  nitrous  oxide  and  seeds  do  not  germinate.  Animals 
die  after  inhaling  nitrous  oxide  in  almost  the  same  time  as  after 
hydrogen  or  nitrogen,  and  at  death  the  spectrum  of  the  blood  shows 
no  oxyheemoglobin  to  be  present,  the  tissues  having  used  up'all  the 
available  oxygen.  Nitrous  oxide,  therefore,  does  not  support  com- 
bustion in  the  animal  body,  the  nitrogen  is  not  split  off  from  the 
oxygen  as  it  is  when  the  oxide  is  exposed  to  high  temperatures  outside 
the  body. 

Anoliier  question  is  whether  nitrous  oxide  behaves  only  as  an 
indifferent  gas  in  the  body,  or  whether  it  has  not  some  special  effect  on 
the  central  nervous  system,  although  in  the  rest  of  the  tissues  it  acts 
only  by  excluding  the  oxygen.  The  earlier  workers  in  this  field  held 
that  it  affected  the  central  nervous  system  only  by  cutting  off  its  snpply 
of  oxygen,  but  this  has  been  shown. to  be  erroneous,  for  nitrous  oxide 
acts  as  a  depressant  to  the  central  nervous  system  by  virtue  of  ita 
molecular  form  just  as  chloroform  or  ether  does.  This  has  been  shown 
in  a  variety  of  ways;  thus,  if  it  were  a  perfectly  indifferent  body  no 
more  effect  would  be  produced  by  it  when  mixed  with  one  fourth  of  its 
volume  of  oxygen  than  by  yr.  which  cQpsists  of  l_j 


and  4  parts  of  tyi  inflifffirent  gaa.  nitrogon.  Hut  Hi)  per  cent,  nitrous 
oxiae  has  definite  effects  on  the  behavior  of  animals,  as  has  been  men- 
tioned, and  even  78  per  cent,  produces  some  slowing  of  the  respira- 
tion. The  narcotic  action  was  demonstrated  very  clearly  by  Paul  Bert 
in  a  series  of  experiments  on  man  and  animals.  He  noted  that  only 
imperfect  antesthesia  was  produced  by  80  per  cent,  nitrous  oxide,  while 
the  pure  gaa  produced  asphyxia.  The  problem  was  to  introduce  as 
much  gas  into  the  blood  as  would  pass  in  under  pure  nitrons  oxide, 
and  at  the  same  time  to  snpply  sufficient  oxygen  to  prevent  asphyxia. 
]  The  absorption  of  nitrous  oxide  depends  upon  its  partial  pressure  in 
1  the  lungs,  as  it  is  simply  dissolved  in  the  blood  without  forming  any 
I  real  combination  with  it,  and  the  quantity  absorbed  by  the  blood  may 
be  augmented  by  increasing  the  barometric  pressure.  Bert,  therefore,, 
administered  a  mixture  of  80  parts  nitrous  oxide  and  20  parts  oxygen 
to  animals  in  a  glass  case  in  which  the  pressure  was  raised  one-fourth 
above  the  ordinary  atmospheric  pressure.  The  absorption  of  the 
nitrous  oxide  was  the  same  as  if  the  animal  bad  breathed  the  pure  gas 
at  the  ordinary  air  pressure,  and  at  the  same  time  as  much  oxygen  was 
absorbed  as  in  ordinary  air.  The  result  was  a  complete  aniesthesia 
without  asphyxia,  which  could  be  maintained  for  three  days  without 
injury  to  tie  animal  (Martin).  Kemp  has  recently  shown  that  mix- 
tures of  oxygen  and  nitrous  oxide  can  be  inhaled  for  some  time  and 
produce  antesthesia,  which  passes  off  at  once  when  nitrogen  is  substi- 
tuted for  nitrous  oxide.  He  has  further  investigated  the  blood  gaaea 
•during  nitrous  oxide  antesthesia,  and  fields  that  the  oxyg^  contained 
in  the  blood  at  the  deepest  stage  of  anfesthesia  is  quite  sufficient  to 
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maintain  life  and  conflciousness  were  no  nitrous  oxide  present.  Again 
Goltstein  found  that  f rc^  were  narcotized  in  five  and  one-half  minutea 
in  an  atmosphere  of  nitrous  oxide,  in  one  and  one-quarter  hours  in 
hydrogen,  and  showed  that  the  narcosis  and  death  in  mammalB  from 
nitrous  oxide  differed  in  several  details  from  that  under  indifferent 
gases.  There  can,  therefore,  be  no  doubt  that  nitrous  oxide  has  dis- 
tinct effects  on  the  central  nervous  system,  although  it  is  indifferent 
to  the  other  tissues.  A  further  question  arises,  "whetFer  the  anass- 
thesia  produced  by  it  in  ordinary  use  is  due  to  this  specific  action  on 
the  nerve  cells  alone  or  to  the  asphyxia.  Wood  has  shown  that  even 
a  slight  admixture  of  oxygen  (3  per  cent.)  delays  amesthesia  consid- 
erably, so  that  the  lack  of  oxygen  appears  to  aid  the  direct  effects  of 
the  amesthetic.  Bert's  and  Martin's  experiments  would  indicate  that 
death  occurs,  not  from  the  direct  action  of  the  nitrous  oxide  on  the 
respiratory  centre,  but  from  the  lack  of  oxygen,  although  the  depres- 
sion of  the  centre  is  undoubtedly  a  contributing  factor. 

The  same  question  arises  regarding  the  action  on  the  nerve  cells  as 
has  been  met  with  in  the  members  of  the  methane  series,  and  here 
again  the  preliminary  excitement  may  indicate  not  stimulaticm  of 
the  brain  areas,  but  lessened  activity  of  the  functions  ofetmtrol  and 
restraint. 

The  respiratory  centre  is  depressed  when  the  gas  is  inhaled  in  com- 
paratively dilute  form,  for  Zuntz  and  Goltstein  found  the  breathing 
dower  and  deeper  after  73  per  cent.  The  respiration  ceases  some- 
what earlier  under  nitrous  oxide  than  under  indifferent  gases,  which 
would  indicate  that  the  cessation  of  the  breathing  is  due  at  any  rate 
in  part  to  the  specific  depressant  action.  In  asphyxia  from  nitrous 
oxide  there  is  less  convulsive  movement  than  under  hydrogen,  owing 
to  the  general  depression  of  the  nerve  cells. 

The  circulation  is  little  affected  by  the  nitrous  oxide  directly,  the 
rise  in  the  blood-pressure  and  slowness  of  the  pulse  being  due  to  the 
asphyxial  condition  of  the  blood ;  the  pulse  is  not  so  slow  as  in  ordi- 
nary asphyxia  or  in  asphyxia  from  nitrogen  or  hydrogen,  because  the 
inhibitory  centre  is  less  capable  of  activity.  The  heart  is  not  affected 
directly,  but  only  by  the  lack  of  oxygen. 

The  blood  dissolves  more  nitrous  oxide  than  water,  apparently 
because  it  is  taken  up  by  the  lipoids  of  the  corpuscles  in  the  same  way 
as  chloroform.  Nicloux  found  about  40  mgs.  in  100  c,c.  blood  at  the 
beginning  of  amesthesia,  50  mgs.  in  complete  anssthesia,  and  60  mgs. 
when  the  respiration  ceased. 

Nitrous  oxide  is  a  gas  at  ordinary  temperature  and  pressure,  and  is 
invariably  administered  by  inhalation  from  a  cylinder  into  which  it 
has  been  forced  under  high  pressure.  The  ma^  generally  covers  both 
nose  and  mouth,  and  the  inhalation  is  carried  on  until  distinct  cyanosis 
appears,  when  the  aneesthesia  is  sufficient  to  allow  of  short  operations, 
such  as  those  of  dentistry.  It  is  much  the  safest  of  the  anfesthetics, 
for  millions  of  persons  have  been  subjected  to  its  influence,  and  only 
a  few  cases  of  death  are  reported  from  its  use,  and  several  <^  these  do 
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no  seem  to  have  been  due  to  the  direct  action  of  the  gas.  Of  late  years 
ethyl  chloride  (see  p.  179)  has  been  introduced  as  a  Btibstitute  for 
nitrous  oxide,  and  has  supplanted  it  to  a  certain  extent,  as  it  is  more 
easily  administered  and  the  apparatus  necessary  is  much  lese  cum-  ' 
broua.  On  the  other  hand,  nitrous  oxide  is  responsible  for  much  fewer 
accidents.  Unfortunately,  ^e  anesthesia  cannot  be  kept  op  except  for  a 
very  short  time,  which  is  quite  insufficient  to  allow  of  ordinary  oper- 
ative procedures.  A  number  of  attempts  have  be^n  made  to  prolong 
the  amesthesia,  of  which  Bert's  was  much  the  most  successful.  The 
operator,  patient  and  attendants  were  enclosed  in  an  air-tight  chamber, 
the  air  pressure  was  raised  by  means  of  fore©  pumps,  and  Bert's  mix- 
ture of  oxygen  and  nitrous  oxide  waa  inhaled  by  the  patient,  A  whole 
series  of  major  operations  were  performed  in  this  way,  the  anesthesia 
being  complete  as  long  as  was  desired,  and  the  patient  recovering  a 
few  minutes  after  the  mast  was  removed.  The  only  objections  to  the 
method  were  the  great  expense  of  the  chamber  and  of  pumping  the 
air  and  the  inconvenienoeattendingthewholeprocedure.  Bert, there- 
fore, proposed  later  to  induce  antesthesia  by  pure  nitrous  oxide,  and 
then  to  substitute  for  it  a  mixture  of  oxygen  and  nitrous  oxide,  and  to 
keep  up  the  anecathesia  as  long  as  desired  by  alternating  between  the 
pure  gas  and  the  mixture.  A  practical  method  of  carrying  out  this 
form  of  aneesthesia  has  been  devised  by  Hewitt,  whote  results  have 
led  to  a  wider  trial  of  diluted  nitrous  oxide  ansesthesia  than  it  haa 
hitherto  had.  His  apparatus  consists  essentially  of  two  reservoirs,  the 
one  containing  oxygen,  the  other  nitrous  oxide,  and  of  a  mixing  cham- 
ber with  a  stopcock  by  which  the  proportion  of  oxygen  is  regulated. 
A  tube  leads  from  the  mixing  chamber  to  the  mask  which  must  £t 
closely  to  the  face.  The  inhalation  is  commenced  with  pure  nitrous 
oxide  or  with  a  mixture  containing  only  2  per  cent,  of  oxygen.  When 
ansesthesia  is  attained  the  percentage  of  o^^gen  is  increased  to  5-8  per 
cent,  by  turning  the  stopcock,  and  the  symptoms  determine  the  furdier 
changes,  returning  consciousness  necessitating  a  diminution  in  the 
oxygen,  stertor  and  cyanosis  an  increase.  This  form  of  ancesthesia  is 
admirably  adapted  for  minor  operations  and  has  been  maintained  in 
some  cases  for  as  long  as  an  hour.     The  circulation  and  respiration 

1\  are  leas  seriously  altered  than  by  any  other  method  that  induces  gen- 
leral  antesthesia,  and  the  return  of  consciousness  is  almost  immediate. 
IThe  great  drawback  to  its  use  is  the  cumbrous  apparatus  required  and 
Ithe  large  amount  of  gas  used,  amounting  to  about  100  gallons  for 
'ansesthesia  of  half  an  hour.  Complete  muscular  relaxation  is  seldom 
attained  and  this  precludes  its  use  in  many  operations,  in  which,  how- 
ever, it  may  be  employed  at  first  and  then  be  replaced  by  chloroform 
or  ether,  whose  preliminary  disagreeable  effects  are  thus  avoided. 
Klikowitsch  proposed  the  use  of  80  per  cent,  nitrons  oxide,  not  for 
complete  antesthesia,  but  to  relieve  pain  and  spasm  in  cases  of  asthma, 
in  labor  and  similar  conditions.  The  patient  could  inhale  it  if  neces- 
sary without  the  presence  of  a  medical  attendant,  and  it  had  the 
advantage  over  the  other  depressants  that  it  need  only  be  inhaled 


3gLC 


when  an  attack  of  pain  waa  approaching  and  that  it  left  no  depreBsioty^^  liiSu^L 
afterwards.  S 1 

.*  The  high  blood-presBure  induced  by  nitrous  oxide  asphyxia  is  some- 
times said  to  be  dangerous  in  elderly  persons  from  their  liability 
apoplexy,  and  of  the  few  fatalities  under  the  gas  several  would  seem 
due  rather  to  this  than  to  the  drug  directly,  but  the  danger  is  often 
overstated,  and,  in  fact,  it  is  a  question  whether  the  shock  caused  by 
the  operation  without  gas  would  not  be  more  dangerous  than  the  effects 
of  the  gas  itself.  "So  such  symptoms  arise  when  the  nitrous  oxide  is 
diluted  with  oxygen  as  in  Hewitt's  method. 

Occasionally  some  glycosuria  occurs  after  the  inhalation,  not  owing 
to  the  gas  itself,  but  to  the  accompanying  asphyxia.  It  is  merely 
temporary  and  has  no  practical  importance. 

The  treatment  of  accidents  in  ani^sthesia  under  nitrous  oxide  con- 
sists in  artificial  respiration  alone,     y 
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4.    Soporiflos. — OhloraL 

Some  twenty  years  after  the  introduction  of  the  ansesthetica,  a  new 
interest  waa  given  to  the  methane  series  by  the  examination  of  the 
action  of  chloral  by  Liebreich.  Henceforth  the  attention  of  investi- 
gators waa  diverted  from  the  quest  of  ansesthetics  to  that  of  hypnotics, 
with  the  result  that  a  very  large  number  of  bodies  have  since  been 
suggested  for  this  purpose  and  that  a  few  valuable  drugs  have  been 
added  to  therapeutics.  These  HopnrifinH^  n^  narnotica.  have  the  aame 
general  action  as  the  anseathetics,  but  are  used  only  to  produce  the  first 
effects  of  imperfect  conaciousnesa  or  sleep.  The  auffisthetica  might  he 
used  for  this  purpose  were  it  not  for  the  comparatively  short  time 
during  which  their  action  persists.  Narcotics  are  required  to  produce 
a  slight  but  lasting  effect,  and  for  this  pTffpose  the  gradual  absorption 
-fiolU  the  atomgetrS' better  adapted  thari  the  rapid  absorption  and 
equally  rapid  elimination  by  the  luugs.  The  narcotics  are,  therefore, 
l£8B  Yola*''°*^ifi"  Mm  anmnthffirr,  frnrl  ought  to  be.Boluble  in  water  and 
not  imtant  in  the  stomach,  so  as  to  permit  of  rapid  absorption. 
CJEToral  IS  still  the  best  known  and  most  widely  used  member  of  this 
group. 

Synptonu. — Chloral  in  15-30  gr.  doses  produces  drowsiness  and 
weariness,  which  socm  pass  into  a  condition  resembling  natural  aleep 
very  closely,  from  which  the  patient  can  be  awakened  by  ordinary 
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means,  aucb  as  touching,  loud  Bounds,  or  pain.  Tbe  respiration  arid 
pulae  are  somewhat  slower  than  in  waking  moments,  but  scarcely  more 
so  than  in  natural  sleep,  and  the  somewhat  narrowed  pnpil  and  unal- 
tered excitability  of  the  reflexes  are  also  common  to  both  conditions.  As 
a  general  rule,  the  sleep  passes  off  in  five  to  eight  hours  and  leaves  no 
unpleasant  results,  but  sometimes  headache,  giddiness  and  confusion 
are  complained  of.  Occasionally  no  real  sleep  is  produced  bj  chloral, 
a  condition  exactly  resembling  alcoholic  intoxication  following  its  ad- 
ministration and  continuing  for  some  time.  When  larger  quantities, 
e.  g.,  5  G.  (75  grs.),  are  taken,  the  sleep  is  much  deeper,  the  patient 
cannot  be  aroused  to  complete  consciousness,  the  rellezea  are  distinctly 
lessened  and  the  sensation  of  pain  is  less  acute,  although  no  complete 
ansesthesia  is  present.  The  respirations  are  fewer  and  the  pnlse  may 
be  alow  and  somewhat  weak.  The  sleep  lasts  very  much  longer  (ten 
to  fifteen  hours),  and  nausea,  vomiting,  headache  and  confusion  often 
remain  after  consciousness  is  regained.  In  still  larger  quantities 
chloral  produces  a  condition  resembling  exactly  the  Uiird  stage  of 
amestbesia.  The  reflexes  are  entirely  absent  and  no  movement  is 
elicited  by  painful  operations,  the  muscles  are  completely  relaxed, 
the  respiration  and  pulse  are  both  slow  and  weak,  and  eventually 
asphyxia  occurs  from  paralysis  of  the  respiratory  centre.  The  heart 
continues  to  beat  for  a  short  time  after  the  breathing  ceases. 

The  first  stage  is  the  only  one  elicited  in  therapeutics.  The  use  of 
chloral  as  «a  aneesthetic  in  man  would  be  quite  unjustifiable,  because 
it  is  impossible  to  adjust  the  dose  accurately  enough  to  allow  of  com- 
plete ansesthesia  without  danger  of  respiratory  failure. 

Action. — The  Qmut^  yyroiiB  Byrtem  is  dfiprrsdrd  nnd  fiTrntnuny 
completely  naralyzcd  by  chloral  anrt^  jfa  Qlliaa  Unlike  the  antesthetics 
and  alcoti 
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be  due  to  the  facts  that  the  surroundings  of  the  patient  are  less  likely 
to  cause  excitement  and  that  the  drug  itself  causes  less  local  irritation. 
The  results  of  psychological  experiments  on  the  effects  of  small  doses 
of  the  narcotics  seem  to  indicate  that  they  all  depress  the  sensory  or 
receptive  functions  of  the  braiuj  while  its  motor  activity  is  much 
reduced  by  cniorai  and  sulphonal,  but  may  appetfr  to  be  actually 
increased  by  paraldehyde ;  this  apparent  stimulation  is  analogous  to 
that  under  alcohol  and  may  be  explained  by  lessened  control.  The 
sleep  induced  by  the  dulling  of  the  perceptions  may  be  interrupted  by 
more  intense  stimuli  from  without.  In  particular,  acute  pain  may 
pi-Avgnf.  qlpap  aftpr  fMnrnl^  whJch  Beems  to  have  no  specific  effects  on 
^e  algesic  areas,  auch  as  is  possesBed  by  morphine ;  the  sensibility  of 
the  skin  is  also  less  affected  by  chloral  tkan  by  morphine.  In  larger 
quantities,  however,  even  very  great  disturbance  of  the  environment 
produces  no  interruption  of  the  sleep,  and  the  reflex  response  to  irri- 
tation is  very  much  lowered.  The  motor  areas  of  the  brain  cortex  are 
/rendered  less  irritable  by  chloral,  and  eventually  fail  to  react  to  the 
strongest  electrical  stimulation.  The  reflexes  of  the  spinal  cord  are 
depressed  and  finally  paralyzed  before  the  failure  of  the  respiration. 
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The  depression  of  the  reflexes  is  one  of  the  points  which  serye  to  diti. 
ferentiate'the-actfeS^f  most  of  the  mcTTinTir  niiritin  frnm  thnt  fff  thft 
alkaloidal  iimniilJiJT^'"""'  "g  mnrphJT^p  The  last  part  of  the  central 
nervous  system  to  be  attacked  is  the  medulla  oblongata,  for  although 
the  respiration  is  somewhat  slower  and  shallower  after  small  quanti- 
ties, it  is  scarcely  more  affected  than  in  ordinary  sleep,  and  Loewy 
found  that  both  the  excitability  of  the  centre  and  the  volume  of  the 
inspired  air  were  very  similar  in  the  two  conditions.  As  the  dose  is 
increased,  however,  the  respiration  becomes  very  slow  and  weak,  and 
finally  ceases  from  paralysis  of  the  centre. 

The  heart  is  somewhat  slower  after  chloral  in  moderate  doses,  but 
scarcely  more  so  than  in  natural  sleep.  There  is  often  some  flushing 
of  the  face  and  head  from  some  obscure  central  action,  hut  the  blood- 
pressure  is  little  affected  except  by  large  quantities,  which  reduce  it 
considerably  and  at  the  same  time  cause  marked  slowness  of  the  pulse. 
The  depressioTi  "f  tb^  hlmn^-pi-Mini-a  is  caused  in  part  by  par^iaJt£.th» 
vasomotor  centre,  in  part  by  the  effects  on  the  cardiac  muscle,  and 
possibly  in  part  by  a  direct  action  on  the  muscular  walls  of  the  vessels. 
It  is  much  more  evident  in  poisoning  with  chloral  than  with  the  other 
soporiflcs,  this  group  presenting  the  same  differmces  in  this  respect  as 
the  general  ansesthetics.  In  both  cases  it  ia  to  be  noted  that  the  mole- 
cule containing  chlorine  has  the  more  powerful  action  on  the  circula- 
tion. In  chloral  poisoning,  as  in  chloroform,  the  effect  on  the  heart 
is  so  great  as  to  give  rise  to  anxiety  quite  apart  from  the  condition  of 
the  respiration,  and  in  fact  some  cases  of  poisoning  are  said  to  have 
terminated  with  failure  of  the  pulse  before  the  respiration,  though 
this  ia  unlikely.  The  extreme  weakness  of  the  heart  may,  however, 
aid  the  direct  action  of  the  drug  in  its  effects  on  the  respiratory  centre. 
The  alterations  in  the  heart  are  similar  to  those  produced  by  chloro- 
fonn,  tne  auricular  contractions  becx^ming  wfiaTc  flnrliftr  fhan  t.lin  gpii- 
tricular,  and  some  dilatation  occurring  in  both  chambers.^  It  may  B« 
added  that  only  very  large  quantities  of  chloral  affect  the  heart,  and 
that  there  is  no  reason  to  suppose  that  in  therapeutic  doses  it  has  any 
effect  whatever  on  it  or  on  the  arterial  tension. 

Locally,  chloral  has  an  icuiaaXjctionjvhen  applied  in  concentrated  . 
solution  and  this  leads  occasionally  to  nausea  and  vomiting  when  it  is  I 
prescribed  with  insufficient  fluid.     This  irritant  action  induces  red-  ' 
nesB  and  even  vesication  when  chloral  is  applied  to  the  skin;  it  is  said 
to  corrode  when  applied  to  unprotected  surfaces,  and  certainly  possesses 
antiseptic  properties  like  chloroform.     It  is  rapidly  absorbed  when 
given  by  the  mouth  and  is  cart4e<lTP  the  central  nervous  system  where 
it  is  taken  up  by  the  cells  until  they  contain  more  than  me  Olood  cor- 
puscles  or  the  cells  ot  other'organs,  such  as  the  liver.     Liebreich  intro- 
duced chloral  as  a  hypnotic  in  the  belief  that  it  was  decomposed  in 
the  blood  and  chloroform  liberated,  but  this  has  been  shown  t«  be 
erroneous,  no  chloroform  being  found  in  the  blood  or  expired  air  after 
chloral.     Chloral  has  no  action  on  muscle  or  nerve  in  the  living 
animal,  but  when  it  is  applied  to  the  exposed  nerve  it  flrst  irritates 
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Mmt*  v'  tration  of  chloral  from  the  lessened  muscular  movement,  and  perhaps 
•i,fcfc.tJLi«UB  -  from  the  increased  output  of  heat  through  the  dilated  akin  vesaela. 

The  effects  of  chlor^  on  the  tissue-change  have  been  recently  inves- 
tigated  and  found  to  correspond  very  closely  to  those  of  chloroform. 
Thus  fatty  degeneration  of  various  organs  has  been  produced  by  the 
prolonged  administration  of  chloral  and  of  chloralamide,  and  the 
increase  in  the  nitrogen,  phosphates  and  sulphur,  especially  of  the 
unoxidized  sulphur,  in  the  urine  points  to  augmented  destruction  of 
the  proteins  of  the  body,  together  with  imperfect  oxidation.  The 
acidity  of  the  urine  ia  much  increased  by  the  presence  of  urochloralic 
acid.  The  excessive  production  of  this  acid  in  the  tissues  has  been 
said  to  be  the  cauae  of  the  alterations  in  the  metabolism,  and  as  a 
matter  of  fact  EHeine  has  found  that  the  addition  of  alkaline  carbo- 
nates to  the  food  prevents  these  effects  of  chloral.  Chloral  was  for- 
merly supposed  to  lead  to  glycosuria,  but  this  has  been  shown  to  be 
erroneous,  the  reducing  substance  in  the  urine  being  urochloralic  acid, 
and  not  sugar.  In  addition  to  this  effect  on  the  tissues  generally,  less 
oxygen  is  absorbed  and  leas  carbonic  acid  excreted  owing  to  the  dimin- 
ished muscular  movement. 

Chloral  is  reduced  in  the  tissues  to  trichlorethyl  alcohol  (CCIgCHj- 
I  OH),  which  combines  with  glycuronic  acid  to  form  urochloralic  acid, 
I  and  is  excreted  in  this  form  in  the  urine.  Some  escapes  by  the  kid- 
1  neys  unchanged,  however,  and  some  ia  thrown  into  the  atomach,  and 
I  this  may  account  for  the  nauaea  and  discomfort  felt  after  awaking  in 
some  cases. 

The  other  hypnotica  of  this  series,  with  the  exception  of  cbloralose, 
correspond  exactly  with  chloral  as  far  aa  their  action  on  the  central 
nervous  system  is  concerned.  The  chief  difference  in  their  effects  is 
seen  in  the  circulation  and  metabolism,  which  are  comparatively  little 
affected  by  those  which  do  not  possess  substituted  chlorine  atoms. 

Paraldohglp  and  Snlphonal  do  not  affect  the  heart  directly,  although 
they  may  cause  a  align t  acceleration  of  the  pulse  through  their  depres- 
sant action  on  the  inhibitory  centre.  They  leaaen  the  metabolism 
through  their  action  on  the  central  nervous  system,  but  produce  no 
such  marked  alteration  in  the  protein  decomposition  as  follows  the 
administration  of  chloral.  Paraldehyde  resembles  alcohol  in  its 
effects,  though  it  is  a  much  more  powerful  narcotic  and  rarely  induces 
any  symptoms  of  excitement.  Very  large  quantities  of  sulphonal  and 
paraldehyde  have  been  taken  without  fatal  results,  and  in  fact  without 
any  more  serious  conaequencea  than  prolonged  unconaciousness,  so 

I  that  they  are  much  safer  narcotics  than  chloral.  Paraldehyde,  how- 
ever, has  a  most  unpleasant  odor  and  a  hot,  burning  taste,  which  ren- 
ders its  administration  somewhat  difficult.  In  addition  it  is  ejcifitgd 
in  part  by  the  lungs,  though  maioly-in  the  mine.  a£d  the  odor  remains 
in  the  breath  for  some  time  after  the  patient  awakens.  The  insolu- 
bility of  sulphonal  in  water  renders  its  absorption  very  slow  and 
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imperfect,  and  sleep  ia  therefore  late  in  following  its  administration, 
■while,  on  the  other  hand,  depression,  drowsiness  and  lack  of  energy 
are  often  complained  of  the  day  after.  There  is  some  evidence  that 
snlpbonal  exercises  a  deleterious  effect  on  the  liver,  for  the  relation  of 
urea  to  the  total  nitrogen  of  the  urine  is  changed  and  the  metabolism 
of  the  purine  bodies  is  also  affected. 

The  use  of  sulphonal,  especially  when  prolonged,  has  led  in  some 
cases  to  a  series  of  symptoms,  the  most  characteristic  of  which  is  the 
appearance  in  the  urine  of  a  reddish-brown  pigment,  htem a toporphyrin, 
an  iron-free  product  of  the  decomposition  of  hiemoglotin.  This  occurs 
most  frequently  in  ansmic  women,  and  is  accompanied  by  constipa- 
tion, pain  in  the  stomach  region  and  vomiting,  weakness  and  ataxia, 
confusion  and  partial  paraljais,  and  eventually  by  suppression  of  the 
urine  or  by  collapse  and  death.*  Hfematoporphyrin  occurs  in  traces 
in  the  urine  of  the  rabbit  normally  and  in  much  larger  quantities  after 
the  animal  has  been  treated  with  sulphonal  (N^eubauer).  Its  appear- 
ance in  the  human  urine  appears  due  to  some  obscure  change  in  the 
liver,  and  not  to  derangement  of  the  rraial  functions,  although  in  one 
case  the  kidneys  were  found  to  be  diseased;  in  animals  the  pro- 
longed administration  of  sulphonal  often  causes  albumin  and  casts  in 
the  urine,  while  hemorrhages  in  the  kidneys  have  been  produced  in 
them  by  the  administration  of  only  a  few  doses.  The  amount  of 
htematoporphyrin  in  the  urine  is  sometimes  very  lai^;  in  one  case 
Tyson  and  Croftan  found  that  the  quantity  passed  in  one  day  indi- 
cated the  deetruction  of  oue-seventeenth  of  the  total  hsemoglobiu  of 
the  body.  Very  large  dosea  of  sulphonal  are  said  to  produce  convul- 
sive movementa  in  animals,  while  ordinary  ones  cause  sleep  and  sab- 
aequoit  drowsiness.  Sulphonal  is  decomposed  in  the  body  and  is 
excreted  largely  aa  ethylsulphonic  acid  in  the  nrine,  in  which  traces 
of  the  unchang^  substance  have  also  been  found.  The  decomposition 
is  a  slow  process,  however,  for  Kaat  found  sulphonal  in  the  blood  many 
hours  after  its  administration.  The  ethylsulphonic  acid  seems  to 
have  no  action  whatever  in  itself,  so  that  the  narcosis  is  due  to  the 
nncbanged  molecule  of  sulphonal. 

Sulphonal  seems  to  have  some  deleterious  action  on  the  heart  when 
used  for  long  periods,  and  is  a  much  less  certain  hypnotic  in  cases  of 
cardiac  disease  than  in  other  conditions. 

Ytnaai,'  one  of  the  most  recently  introduced  hypnotics,  seems  to  be 
devoid  of  action  except  on  the  central  nervous  system,  and  thus  ap- 
proaches the  ideal  more  closely  than  any  of  the  others.  In  small  doses 
(5-10  gra.)  it  induces  natural  sleep  without  subsequent  depression, 
and  larger  quantities  deepen  and  lengthen  the  uuconscioiisness  without 
other  organs  than  the  central  nervous  system  being  involved,  though 
the  patient  may  complain  of  lethargy  and  drowsiness  subsequently. 
Fata]  poisoning  has  occurred  from  very  large  quantities  (e.  g.,  160 

'  OeesaioiiaUj  the  bsiuBtopoTpbTTin  ftppeara  Nreral  days  after  a  ringle  doM  of 
mlpbonal  or  its  bIUm,  ■ometimM  ^ter  an  interral  of  one  or  two  weeks. 

■  The  ebemieal  fonooltt  of  these  bodies  is  discnssed  on  pages  12S  and  129. 
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grs.),  the  sleep  passing  into  coma,  ending  In  respiratory  failure. 
About  70  per  cent,  baa  Been  recovered  imcbanged  from  tbe  urine,  the 
rest  apparently  undergoing  oxidation  in  tbe  tisauea.  It  acta  as  a 
hypnotic  in  amaller  quantities  than  any  of  the  others  of  this  series. 

Botrlchloral,  or  Orotonchlor&l,  was  said  by  Liebreich  to  possess  a  spedfia 
analgesic  or  aonsthetie  action  on  the  nerres  of  the  face  and  head,  but  this 
has  been  shown  to  be  incorrect  b;  v.  Uering,  and,  as  its  effects  are  identical 
with  those  of  chloral  in  almost  all  respects,  crotonchloral  seems  entirely 
superfluons. 

Ohloralandds,  or  chloralformamide,  has  been  introduced  in  tbe  hope  that 
the  sliniuliurt  ftction  of  tbe  formamide,  which  is  formed  by  its  decomposition, 
would  counteract  the  depresion  of  the  circulation  cansed  by  chloral  alone. 
From  blood-pressure  experiments  it  would  seem  that  chloralamidc  fulfils 
those  expectations,  and  has  little  or  no  action  on  the  circulation  except  in 
poisonous  doses.  It  is  said  to  be  less  irritant  than  chloral  in  the  stomach, 
bat  to  be  somewhat  slower  and  leas  cerisin  in  its  effects.  Chloral  is  formed 
by  its  decompositioD  in  the  bod7,  and  is  excreted  as  nrochloralic  acid,  and 
fatty  degeneration  has  been  observed  after  its  prolonged  administration. 

Amylene  Hydrate,  or  dimethylethylcarbinol,  has  been  advised  as  a 
hypnotic,  and  is  more  cloeely  allied  to  paraldehyde  in  its  effects  than  to 
any  of  the  others.  It  is  twice  or  thrice  as  powerful  a  hypnotic  as  paral- 
dehyde, however,  while  it  is  only  one-half  as  strong  as  chloral.  It  is  said  to 
depress  the  heart  more  than  paraldehyde,  but  less  than  chloral,  and  to  pro- 
duce excitement  and  convulsions  in  the  camivora,  but  not  in  the  herbivora. 
Even  in  man,  it  causes  excitement  more  frequently  than  most  other  sopori- 
fics, and  Hamack  and  Meyer  state  that  it  first  stimulates  and  then  depresses 
the  respiratory  centre  as  well  as  other  parts  of  the  central  nervous  system, 
and  that  it  induces  a  very  marked  fall  in  the  temperature.  The  cardiac  and 
voluntary  muscle  is  first  increased  in  efficiency  and  then  depressed.  It  has 
little  or  no  effect  on  the  general  metabolism,  and  ts  excreted  in  the  urine  in 
combination  with  glycuronic  acid  in  the  rabbit,  but  is  exhaled  by  the  lungs 
for  the  most  part  by  the  dog  snd  possibly  by  man.  It  is  less  certain  in  its 
action  than  chloral  but  has  not  received  so  wide  a  trial  as  it  would  seem 
to  merit.  A  combination  of  chloral  and  amylene  hydrate  has  been  intro- 
duced under  the  name  of  Dormiol,  but  offers  no  advantages  over  chloral. 

Trional  and  Tetronal  are  very  similar  to  solpbonal  in  their  cbemieal 
stmcture,  and  have  practically  identical  results  with  it  in  therapeutics, 
although  their  action  on  animals  is  somewhat  more  powerful.  In  some  eases 
of  treatment  with  trional  biemato porphyrin  has  been  found  in  the  urine. 

Urathaue  would  possess  all  tbe  advantages  of  tbe  others  with  none  of 
their  disadvantages  were  not  its  effect  on  man  much  weaker  and  less  con- 
stant. In  many  cases  it  is  an  almost  perfect  hypnotic,  easily  taken  in  solu- 
tion, producing  light  sleep  with  no  after-effects,  but  in  others  it  seems  to 
have  little  or  no  hypnotic  effect.  It  is  oxidized  in  the  body  to  urea. 
Hedonal  appears  to  have  a  greater  hypnotic  effect  than  nrethane,  but  also 
fails  to  induce  sleep  in  a  considerable  proportion  of  cases.  It  is  followed  by 
no  after-effects  and  is  oxidized  in  the  body  in  the  same  way  as  uretbane. 

Ohloralosa  acts  much  more  like  morphine  than  like  chloral,  depressing 
the  psychical  functions,  while  increasing  the  reflexes  until  convulsions  re- 
sembling those  of  strychnine  may  be  produced.  The  heart  is  comparatively 
little  affected,  and  the  respiration  remains  strong  unless  very  large  doses  are 
given.  In  man  it  induces  sleep,  which  is  sometimes  attended  by  distinctiy 
exaggerated  reflexes  however,  especially  when  laige  doses  are  given. 

Bronofonn  has  anrasthetic  properties  like  chloroform,  but  is  not  volatile 
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enough  for  inhalation.  Of  late  ylare  it  has  been  osed  internally  in  whooping- 
eongh,  and  in  this  relation  it  ie  important  to  remember  that  it  gives  rise  to 
fatt;  degeneration  when  taken  continuously.  A  nomber  of  CAses  of  alarm- 
ing poisoning  in  children  have  been  recorded  from  its  nse.  It  has  also  been 
used  occasionally  in  insomnia. 

Bromal  (CBr.COH]  differs  in  several  respects  from  chloral  in  its  action. 
In  animals  its  injection  is  followed  by  restlessness  and  excitement,  and  then 
by  stnpor,  which  is  oft«n  accompanied  by  dyspncea,  and  ends  in  failore  of 
the  respiration,  or  in  convnlsions.  The  pnpU  is  much  contracted,  and  pro- 
fnse  salivation  is  observed.  It  acta  on  the  heart  like  chloral  but  is  much  more 
poisonons,  and  is  searccly  used  in  therapentics. 

Ohlorotona  resembles  chloral  in  most  respects,  bat  is  less  liable  to  irritate 
the  stomach  and  does  not  appear  to  depress  the  circulation  to  tbe  some  extent. 
Very  large  doees  have  been  swallowed  without  producing  any  imtoward 
symptoms,  but  the  hypnotic  effect  is  obtained  by  the  nse  of  smaller  doses 
than  are  necessary  in  the  case  of  chloral.  Like  chloral,  ehloretone  has  some 
virtues  aa  an  antiseptic,  and  in  addition  it  paralyzes  the  terminations  of  the 
sensory  neires  when  it  is  applied  locally  and  has  proved  of  value  as  a  local 
anesthetic. 

Neuronal  and  Isopntl  have  been  introduced  so  recently  that  little  oppor- 
tunity has  been  afforded  for  their  etndy.  Animal  experiments  indicate  thmr 
possessing  a  stronger  hypnotic  action  than  chloral,  and  satisfactory  resolts  are 
reported  in  the  cases  in  which  they  have  been  used  in  therapeutics.  The  pres- 
ence of  chlorine  in  the  molecnle  of  isopral  suggests  that  it  may  have  some  dele- 
terious action  on  the  circulation  and  metabolism,  and  tbe  presence  of  bromine 
in  neuronal  is  also  to  be  regarded  as  a  drawback.  Isopral  resembles  chlore- 
tone  in  poesesring  some  local  annsthetie  power. 

Tolenmu  is  soon  acquired  for  each  of  tbeae  drugs,  and  when  it  ia 
developed  for  one,  large  doses  of  any  of  the  others  are  required  m 
order  to  produce  sleep.  Tolerance  for  alcohol  also  involves  the  use  of 
larger  quantities  of  the  hypnotics,  and  in  fact  often  leads  to  the  com- 
plete failure  of  any  except  the  most  powerful. 

Not  infrequently  the  hypnotics  lead  to  akin  eruptions,  especially 
when  used  for  some  time.  These  assume  various  forms,  the  moat 
common  being  of  the  erythema  order,  but  among  others  urticaria,  pur- 
pura, papular  eruptions  and  blisters  occur. 

^llj^— Prolonged  abuse  of  chloral  leads  to  a  condition  somewhat 
resembling  that  seen  in  chronic  alcoholism  or  morphinism,  and  marked 
by  n'Ufif"*  'InpTnnniriTi  and  jiachexia,  with  impairment  of  the  mental 
Mwers,  (^iffftstivq  (jjf»..-knTT..^  anf^  exanthemata.  Ihe  sudden  with- 
4E^wal_Dl-tne  drug  in  these  cases  has  sometimes  led  to  symptoms 
resembling  those  of  delirium  tremens,  which  are  especially  dangerous 
here  owing  to  the  fatty  degeneration  of  the  heart  which  may  be  present. 

A  few  cases  of  sulphonal  habit  have  also  been  reported. 

pBEPAEATIOira. 

CBiMkTTTu  TTygBATiiw  fn.  S.  p.),  Chloral  Hydbas  (B.  P.)  {CCl, 
CH(OM),  oT(lTl,(!oH  +  H,0),  a  ccyBUlline  solid,  of  a  eharacteristie  fruity 
(|dor,  and  hni:,  fmA  \f^f^J'  n.l,Ai^Y  Bf^lnKC-m  wiiti.i-,  Ji^nlini,  ether  and  oiETTs 
amiost  invariably  prescnbed  in  dilute  solution  in  syrup.  Its  deliquescent 
prooertiea  preclude  its  use  in  moBToT  Wg  Bfllid  prpparR^ifinH,  unTTiffl  imtnnt  . 

effects  contraindicate  hypodermic  infection.     Dose,  0,5-2  Q.    (10-30  gra.),  ^v  y-j^ 
*hicn  may  be  repeated  if  necessary,  in  one  or  two  houru. 
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SiBUFua  Chlohal  (B.  P.)i  %-2  &.  drs.  (one  drachm  contains  10  grains  of 
chloral) . 
y^ 4jt       PAKAUEHfflgM  (U.  S.  p.,  B.  P.)    CC^„0,)i  a  coloriMfl  flnid  of  etrong, 
t-'~  j-tiflraWpntJiTn^nr  and  hiirnjnr  '°°*°     It  may  be  (JfUUUl'llwd'm  bnuidy  and 

water,  or  in  water  np  to  io%,  or  in  capBulea.     Dose,  1-4  c.c.  (15-60  m.). 

Stjlphonal    (B.   p.),   Solphonmethanum    (U.    S.   P.)    ((CH,),C(SO, 

^i^t)>)i  ^  cTTstalline  powder,  without  taste  or  odor.     It  may  be  prescribed  in 

powder  form  to  be  taken  one  to  two  hours  before  retiring,  bnt  is  soluble  in 

Y  ^  hot  water  or  milk,  and  when  given  in  solution  acts  more  rapidly  and  leaves 

T  no  confusion  afterward.    It  is  prescribed  in  doses  of  1  Q.  (15  grs.). 

Sulphonethylmethanum  (U.  S.  P.),  trionaJ  (CH,C^,C(SO,Cja,),) 
resembles  sulphonal,  but  is  more  soluble  and  has  a  bitter  tast«-  Dose,  1  G. 
(15  grs.). 

Butylehloral  Hydraa  (B.  P.),  or  Croton  chloral  (CH,CHC1CC1, 
CH  ( OH ) , ) ,  resembles  chloral  and  is  prescribed  in  the  same  way,  but  generally 
in  smaller  doses — 0.3-1  G.  (5-15  grs.). 

^ailito  Cfflfbamaa  (TJ.  S.  P.),  nrethane  (COOC^NH,),  colorless 
oiTstals,  odorless,  With  a  cool,  saline  taste,  very  soluble  in  water,  alcohol,  and 
ether.    Dose,  1-5  G.  (15-75  grs.).    U.  B.  P.    1  G.  (15  gre.). 

Bromoformum  (U.  S.  P.)  (CHBr,),  a  heavy,  transparent,  colorless  liquid 
with  an  ethereal  odor  and  a  taste  like  that  of  chloroform,  very  little  soluble 
in  water,  but  readily  soluble  in  alcohol.     Dose,  0.2  c.c  (3  mins.). 

Chloralformamidum  (U.  S.  P.),  or  chloralamide  (CC1,CH0HNH-C0H),  a 
white  ctystaUine  powder  with  a  faintly  bitter  taste;  prescribed  in  powder  or 
in  solution  in  water  or  spirit.     Dose,  1  G.  (15  grs.). 

Unofficial 

Tetronal  resembles  salpbonal  closely,  and  may  be  prescribed  in  the  same 
dose  and  form. 

Amyieni  Hydras  ((CH,),COHCH,CH,),  a  colorless  liquid  of  pungent 
taste,  and  of  an  odor  somewhat  resembling  camphor.  It  may  be  prescribed  is 
capsules,  or  up  to  10%  in  water  flavored  with  liquorice  extract.  Dose,  3-5  c.c. 
(40-60  mins.). 

Qedonal,  a  crystalline  powder  with  a  taste  resembling  that  of  menthol,  very 
II*)       sligmTy-BtiJuble  in  water.     Dose,  2  G.  (30  grs.)  in  powder  or  tablets. 

Chloretone  (CCI,C(CH,),OH),  colorless  crystals  with  a  strong  camphora- 
ceons  odor,  slightly  soluble  in  water,  very  soluble  in  sleobol;  it  may  be  pre- 
scribed in  aqueous  solution  (about  1  per  cent.)  or,  better,  in  tablets.    Dose, 
0.3-1  G.  (5-15  grs.). 
y  Veronal  (C^,),C(CONH),CO,  colorless  crystals  with  a  fwnt  bitter  taste, 

.       soluble  m  145  parts  of  water;  prescribed  in  opwdera^or  tablets,  to  be  dis- 
--j;^^     solved  in  warm   water  or  milk.     Dose,   0.3-0.6   G.    (5-10  grC).    A  weak 
combination  of  veronal  and  sodium  has  recently  been  recommended  as  being 
more  soluble  than  veronal  itself  and  thus  more  easily  prescribed  in  solution. 

Neuronal  (C.HJ^rC-CONH,,  crystals  with  a  bitter  taste  resembling  that 
of  menthol,  soluble  in  115  parts  of  water;  prescribed  in  the  same  way  as 
veronal  in  doses  of  0.5-2.0  G.  (5-30  grs.). 

Isopral  (C,H,C1,CH0H),  white  crystals  with  a  camphoraceous  odor  and 
aromatic  biting  taste,  soluble  in  30  parts  of  water;  prescribed  in  doses  of 
0.5-0.75  Q.  (5-8  grs.). 

Thsrapentic  Uses. — These  drugs  are  chiefly  used  to  produce  rest  and 
sleep  in  cases  of  insomnia  and  in  almost  every  form  of  nervous  excite- 
ment. Until  the  discovery  of  the  therapeutic  value  of  chloral,  opium 
was  used  in  most  of  these  cases,  and  when  sleeplessuess  is  due  to  pain 
it  is  still  preferable  to  the  more  modem  remedies,  which  have  com- 
paratively slight  influence  on  acute  pain,  except  in  very  large  doses. 
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>ut  m  dgliriom,  mania  and  cadvuIsioub  of  various  kinos^uieir  tctioi 
on  the  nerve  centres  is  preferable  to  that  of  opium,  especially  where  qj^  ^ 
these  convulsions  are  of  spinal  origin  or  of  a  reflex  nature;  thus,  in  [^U, 
strychnine  poisoning  and  in  tetanus,  chloral  is  of  great  value,  although  It; 
in  the  former  it  may  have  to  be  reinforced  by  chloroform  during  the  " 
convulsions.     In  delirium  from  fever  or  from  nraemic  intoxication 
and  similar  causes,  comparatively  small  doses  often  produce  most  aat- 
isfactoiy  results,  and  in  various  spasmodic  affections,  such  as  cough, 
asthma  and  choreic  movements,  it  is  exceedingly  useful.     Chloral  has 
also  been  advised  to  lessen  the  pains  of  labor. 

Most  of  the  soporifics  have  been  used  more  or  less  extensively  as 
hypnotics  in  simple  insomnia  and  in_insanjtj,  but  when  the  disturb- 
ancd  assumes  a  more  violent  character  there  is  a  disposition  to  return 
to  the  use  of  chloral,  as  at  once  the  speediest  and  surest  remedy  of  the 
whole  group.     "When  there  is  any  reason  to  suspect  fatty  degeneration 
of  the  heart,  however,  some  hypnotic  which  does  not  contain  chlorine  i 
ought  to  be  substituted  for  it,  and  paraldehyde,  sulphonal,  hedonal  j 
and  veronal  have  been  introduced  in  succession  to  supply  the  need.  ) 
In  other  forms  of  heart  disease,  chloral  may  be  used  without  danger 
and  is  often  of  great  value  as  a  hypnotic ;  the  dread  of  its  affecting  the 
heart  deleteriously  in  ordinary  doses  is  quite  unfounded.     Chloral  ia 
often  prescrihed  along  with  opium,  and,  when  thus  combined,  smaller 
quantities  of  each  drug  are  required  than  would  be  necessary  if  either 
were  prescribed  alone,  and  the  sleep  following  is  very  deep  and  restful. 
It  is  also  used  very  often  to  reinforce  the  action  of  the  bromides. 

Othor  Narcotics  which  for  some  purposes  may  be  substituted  for  the  )  i 
members  of  the  chloral  group  are  alcohol,  opium  and  its  alkaloids,  LI 
bromides,  hyoscine  and  cannabis  indica.  ^  I 

Chloral  has  been  used  externally  as  a  counter-irritant-and  anti- 
8eptjc,Tiut  is  more  expensive  than  many  other  equally  efficacioTfT^ 
rSniBdies.  Chloretone  solution  is  an  efficient  local  aiuestbetic  on 
wounded  aurfacea,  and  has  been  recommended  in  cases  of  gastric  irri- 
tation and  vomiting,  which  it  relievea  by  paralyzing  the  terminations 
of  the  sensory  nerves  in  the  mucous  membrane  of  the  stomach. 

In  cases  of  acute  Foiaoning  with  chloral  the  treatment  consists  in 
the  immediate  evacuation  of  the  stomach  by  the  stomach  tube.  Emet- 
ics are  of  less  value  owing  to  the  depression  of  the  medullary  centres. 
The  patient  ought  to  be  kept  warm  and  caffeine  or  strychnine  may  be 
given  as  a  respiratory  stimulant,  while  the  complete  failure  of  the 
breathing  has  to  be  met  by  artificial  respiration.  In  acute  poisoning 
with  the  other  members  of  the  series  the  same  general  treatment  is  to 
be  applied,  but  the  prognosis  is  much  more  favorable  than  after 
chloral ;  in  one  case  in  which  100  G,  of  sulphonal  were  swallowed,  the 
recovery  was  attributed  by  the  attendant  physician  to  copious  enemata  A 
of  water.  In  chronic  poisoning  with  sulphonal,  the  withdrawal  of  the) 
drug  is  generally  all  that  is  required.  In  the  chloral  habit,  the  with- 
drawal has  to  be  gradual  and  it  may  be  necessary  to  send  the  patientl 
to  a  retreat  / 

D,.lz..L,L.OOglC 


198         OBOAltlO  BVBSTASCE8  ACTISQ  APTBB  ABSOBPTIOJf. 

ElBXiOOBAPHT. 
OhlonL 

Liebreich.    Daa  CUon],  ein  oeiieB  HTpnotionm,  Berlin,  186S. 

XewtHon.    AkIi.  t,  Aaat.  n.  Pbjt.,  1870,  p.  346. 

Barnaak  u.  Witkowtki.     Arch.  t.  ezp.  pAtL  a.  Pharm.,  xi.,  p.  1. 

Heidenhain.     Pfliiger'a  Areh.,  !«.,  p.  S57,  and  xxvL,  p.  137. 

V.  Meting.     Arcb.  f.  exp.  Path.,  iii.,  p.  ISS.     Zts.  f.  phys.  Ch«m.,  vL,  p.  480. 

FreiMndikfer.     Dentsetu  Arch,  f,  klin.  Med.,  xxv.,  p.  40. 

Loewy.     Pfioger'a  Arch.,  zlvii,,  p.  601. 

Tanigfiti.     Virchow's  Arch.,  exx.,  p.  121. 

Semertt.    Isaug.  Diw.,  ETaJle,  1803.    FortKhr.  der  Med.,  ISOS,  p.  205. 

Sarnack  w.  KUinc.     Ztscb.  t.  Biol,  zzzviL,  p.  417. 

Kraepelin.    Beeinflnssiuig  pEgrehiMsher  Vor^nge  dorch  ArzneiinitteL,  p.  209. 
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Sehmiedeberg.  Arch.  1.  exp.  Path.  n.  Pharm.,  xz.,  p.  203.  (Urethane  and  tlw 
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^     n.    STBTOHNIHE— HUX  VOMIOA. 

gtr^chnitie  is  the  chief  alkaloid  occurring  in  several  epeclea  of 
Strycbnoa,  of  which  the  best  known  are  Strjchnos  nux-vomica  and 
Strjcbnos  Ignatia.  It  is  found  chiefly  in  the  eeeda,  and  is  generally 
accompanied  by  the  nearly  related  alkaloid  Brueine. 

A  large  number  of  alkaloids  have  been  fotind  to  resemble  atrychnine  in 
their  action,  such  as  the  Thebaine  found  in  opium,  the  Gehemine  of  Oelaeminm 
sempervirens,  and  the  Calabanne  of  the  Calabar  bean,  while  it  is  difficult  to 
decide  whether  several  others  oi^ht  to  be  classed  with  morphine  or  with 
etrychnine. 

Strychnine  seems  to  be  a  qninoline  derivative,  although  its  exaot  consta- 
tntion  IB  unknown.  Its  formula  is  C-H_N.O^  while  that  of  brueine  is 
C«HyJ,0,.  They  are  both  derivatives  ot  a  substance  of  the  formula 
C^,^,0„  brueine  differing  from  stryclmine  in  having  two  methozyl  groups. 
It  seems  not  unlikely  that  they  are  both  nearly  related  to  eurarine,  the 
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Klkoloid  of  curara,  which  is  derived  from  some  other  species  of  the  { 
Stryeimoe. 

The  alkaloids  of  the  stTyohmue  group  have  a  powerful  stimulant 
action  on  the  central  nervoua  system,  especially  on  the  spinal  cord, 
throughout  the  vertebrate  kingdom. 

^mptoms, — In  ordinary  therapeutic  doses  strychnine,  like  other 
bitter  substances  (page  54),  improves  the  appetite  and  often  leads  to 
a  distinct  amelioration  of  the  subjective  symptoms,  the  patient  feeling 
stronger  and  more  hopeful.  The  pulse  is  generally  slower  and  the 
artery  feela  less  compreaaible.  Tfie  special  senses  are  rendered  more 
acute  by  smau  quantuiea  of  strychnine,  for  differences  can  be  recog- 
nized between  shades  of  color  which  seem  identical  to  the  normal 
vision;  the  field  of  vision  is  widened,  and  in  certain  conditions  of 
amblyopia  light  is  rendered  much  more  distinct.  In  the  same  way 
the  hearing  seems  to  be  more  acute,  and  the  sense  of  touch  is  much 
more  delicate.  Some  cases  have  been  noted  in  which  disagreeable 
odors  were  rendered  pleasant  by  strychnine,  but  this  would  seem  to 
be  a  rare  idiosyncrasy.  In  cases  of  poisoning  with  strychnine,  the  first 
symptom  is  often  a  more  acute  perception  of  external  objects  by  the 
senses,  especially  by  the  sense  of  touch,  but  this  ia  not  generally 
observed  by  the  patient,  whose  first  complaint  is  of  a  feeling  of  stiff- 
ness in  the  muscles  of  the  neck  and  face.  This  is  soon  followed  by  an 
increased  reflex  reaction,  so  that  a  slight  touch  causes  a  violent  move- 
ment, and  even  a  sound  or  a  current  of  air  is  sufficient  to  cause  a 
sudden  start.  The  increased  reflex  irritability  ia  generally  accom- 
panied by  some  restlessneas,  and  animals  sometimes  seem  to  make 
attempts  to  escape  from  bright  light.  Some  tremor  or  involuntary 
twitches  may  be  observed  in  the  limbs,  and  then  a  sudden  convulsion 
occurs  in  which  all  the  muscles  of  the  body  are  involved,  but  in  which 


A  rabbit  darlns  a  itrjchiilDa  codvuIbIod. 

the  stronger  extensor  muscles  generally  prevail.  In  animals  the  head 
is  drawn  back,  the  hind  limbs  extended,  and  the  trunk  forms  an  arch 
with  its  concavity  backwards  (opisthotonos)  (Fig.  14).  In  man  the 
same  convulsions  are  seen  and  are  accompanied  by  strong  contraction 
of  the  face  muscles,  producing  a  hideous  grin  which  has  been  called 
the  risus  sardonicua.     The  respiratory  muscles  are  involved  in  the 
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general  paroxysm  and  the  blood  rapidly  becomea  deoxygenated,  as  is 
shown  by  the  blue  cyanotic  color  of  tbe  lips  and  face  in  man.  Tlie 
muscles  feel  hard  and  €rm  at  the  commencement  of  tbe  conrulsioD, 
hut  very  soon  a  tremor  may  be  made  out,  which  becomes  more  distinct, 
and  after  a  few  intermittent  contractions  tbe  animal  sinke  hack  in 
a  condition  of  proatration  (Fig.  15).  The  respiration  generally  re- 
turns, and  becomes  fairly  regular  for  a  short  time.  Immediately 
after  a  convulsion  the  reflex  irritability  may  be  low,  but  it  soon  regains 
its  former  exaggerated  condition  and  a  second  convulsion  occurs, 
exactly  resembling  the  first.  Mammals,  as  a  general  rule,  succumb 
after  two  or  three  convulsions,  the  respiration  failing  to  return  after 


the  spasm.  In  some  cases,  however,  tbe  convulsions  become  shorter 
and  the  intervals  of  quiescence  longer,  the  respiration  becomes  weak, 
the  reflex  irritability  gradually  lessens  and  the  animal  dies  from 
asphyxia.  In  frogs,  where  the  breathing  can  be  dispensed  with  for 
long  periods,  the  alternation  of  convulsions  and  periods  of  quiescence 
may  continue  for  hours  or  days,  but  these  are  of  the  same  general 
character  as  those  described  in  mammals.  After  very  large  quantities 
no  convulsions  may  occur,  the  animal  dying  almost  immediately  of 
asphyxia  from  paralysis  of  the  central  nervous  system. 

Actios. — The  whole  character  of  the  intoxication  points  to  an  affec- 
tion of  the  Oaqtral  Harvoga  ayiitmn.  and  it  bas  been  found  that  tbe 
symptoms  are  unaltered  when  the  drug  is  prevented  from  reaching  tbe 
peripheral  nerves  and  muscles.  The  chief  njmptpmn  firisii  fr^m  th" 
spinal  eord.  for  the  convulsions  are  at  least  as  well  marked  in  frogs 
and  mammals  in  which  the  brain  has  been  destroyed  or  severed  below 
the  medulla  oblongata.  At  the  same  time  the  brain  is  also  believed 
to  be  effected,  though  to  a  less  degree.     The  intellect  in  man  remains 

i  unclouded  until  the  end,  except  for  the  asphyxia  produced  by  the 
stoppage  of  tbe  respiration ;  the  patient  is  perfectly  conscious  of  his 
condition,  and  suffers  e^tcruciating  pain  from  tbe  violent  contractions 
of  the  muscles. 

The  special  sfipafls  are  rendered  more  acutfi-by  small  doses  of  strych- 
nine, and  this  is  apparently  due  to  its  effects  on  tbe  central  nervona 
system  in  the  case  of  toyr-hj  taste  and  amell,  but  there  is  reason  to 
believe  that  tbe  increase  in  t]ie  field  of  vjaionand  the  increased  sensi- 
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tiveDees  to  slight  diflferencea  in  light  are  to  be  attributed  to  ita  acting 
on  the  eellaof  the  retina  and  not  to  cerebral  changes.  For  when 
strychnine  salts  are  injected  in  the  temple  or  applied  to  the  conjunc- 
tiva, the  eight  of  the  corresponding  eye  ia  improved  while  the  other 
remains  unaffected  (Filebne) ;  if  the  strychnine  acted  centrally  it 
could  do  so  only  by  being  carried  to  the  brain  by  the  blood,  but  this 
woiild  affect  each  hemisphere  equally.  The  affection  of  one  ©ye  only 
is  explained  by  the  strychnine  diffusing  through  the  lymph  spaces, 
and  this  is  said  to  have  occurred  in  the  case  of  various  dyes  which 
were  applied  in  the  same  way  and  were  then  found  in  the  retina. 

As  regards  the  effects  of  strychnine  on  the  motor  areas  of  the  brain 
some  difference  of  opinion  exists,  although  the  majority  of  those  who 
have  investigated  the  subject  hold  that  the  irritability  of  tJiA  motor 
parts  of  t^p  fyirtcT  I'q  fliatiyiptly  inf^p'itsp.fl  BTnapt  inuring  a  convulajon. 
Ergograpnic  experiments  have  shown  that  small  doses  of  strychnine  t 
augment  the  capacity  for  muscular  work  to  a  considerable  degree,  I 
and  delay  the  onset  of  fatigue.     This  excitation  phase  is  followed  by  | 
one  in  which  the  capacity  is  lowered. 

The  convulsions  are,  as  has  been  stated,  of  spinal  origin.'  It  has  ■ 
been  shown  in  addition  that  they  are  reflex,  that  provided  no  stimulus  I 
reaches  ths  cord  from  without,  no  nonviiIsioTi  onciira.      As  has  been  • 


reaches  the  cord  from  without,  no  convulsion  occurs.  As  has  been 
already  remarked,  the  convulsions  are  preceded  by  a  stage  of  increased 
reflex,  and  in  fact  the  first  convulsion  is  often  seen  to  follow  a  stimu- 
lus, such  as  a  blow  or  a  loud  noise.  Afterwards  they  may  seem  to 
occur  without  any  such  impulse,  but  this  is  merely  because  a  very 
slight  or  even  imperceptible  stimulus  is  enough  to  induce  them.  For 
example,  a  slight  contraction  of  a  muscle  may  induce  a  convulsion, 
as  is  seen  very  frequently  in  the  frog,  where  a  very  slight  stimulus, 
in  itself  apparently  too  weak  to  cause  a  convulsion,  is  followed  by  an 
ordinary  reflex  contraction,  and  this  leads  to  a  spasm.  The  absence 
of  convulsions  when  external  stimuli  are  cut  off  may,  however,  be 
demonstrated  conclusively  in  various  ways.  Thus  Poulsson  found 
that  a  frog  dipped  in  cocaine  solution  underwent  no  convulsions  after 
strychnine,  the  cocaine  used  being  aufQcient  to  paralyze  the  sensory 
terminaticms,  but  not  to  have  any  direct  effect  on  the  cord.  Claude 
Bernard  showed  this  even  more  conclusively  by  dividing  all  the  poste- 
rior roots  of  the  spinal  nerv^  in  the  frog  and  then  injecting  strych- 
nine, when  no  convulsions  occurred  except  when  the  ends  of  the  cut 
roots  were  stimulated.  The  convulsions  therefore  follow  only  on  the 
passage  of  an  impulse  from  without  to  the  spinal  cord,  and  are  merely 
a  further  development  of  the  preceding  stage  of  exaggerated  reflex 
irritability.  The  characteristic  feature  of  strychnine  poisoning  is 
thus  the  response  to  external  stimuli.  In  the  unpoisoned  animal  the 
reflex  movement  following  a  stimulus  is  always  of  the  same  kind; 
for  example,  if  the  leg  of  a  decapitated  frog  be  dipped  in  acid  it  makes 
certain  movements  to  withdraw  the  limb,  and  no  matter  how  often  the 
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irritation  be  repeated,  the  same  movemeots  are  produced,  though  it  is 
true  that  if  atronger  acid  be  used  the  movement  is  more  violent  and  a 
greater  number  of  muBcles  are  involved.     In  this  movement  certain 
Tnusclea  contract  while  their  antagonists 
Pio-  IS-  are  inhibited,  for  example  in  drawing 

the  toe  away  from  an  irritant  the  ante- 
rior muscles  of  the  leg  contract,  while 
the  gastrocnemina  is  relaxed.  The  same 
irritation  which  produced  in  the  unpoi- 
soned  animal  a  simple  withdrawal  of  the 
limb  causes  after  strychnine  stronger 
and  more  extensive  contractions,  and  the 
movement  is  not  confined  to  the  two  hind 
legs  but  spreads  over  the  whole  body. 
All  the  muscles  contract  together^'  there 
being' no  inhibition  of  antagonists  and 
the  resultant  movement  has  thus  quite  a 
different  character;  the  gastrocnemius 
being  stronger  than  the  anterior  leg  mue- 
qlea,  the  foot  is  extended  and  thrust 
against  the  irritant  instead  of  being 
withdrawn  from  it.  This  change  in  the 
character  of  the  reflex  movement  has 
been  the  subject  of  careful  investigation 
by  Sherrington,  who  finds  that  in  mam- 
mals a  stimulus  which  normally  causes 
inhibition  of  a  muscle,  causes  contrac- 
tion under  strychnine.  This  reversal 
occurs  whether  the  stimulus  is  derived 
from  the  periphery  and  the  consequent 
movement  is  a  reflex  one,  or  from  the 
brain.  In  both  cases  the  reversal  of  the 
character  of  the  movement  arises  from 
changes  in  the  spinal  cord,  the  impulse 
from  the  brain  or  periphery  bearing  its 
normal  character,  but  changing  its  na- 
ture in  passing  through  the  cord.  When 
an  external  stimulus  is  sufficient  to  cause 
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I  nine.  The  irritation  of  the  frog's  foot 
by  very  slowly  acting  substances,  such  as  dilute  acids,  may  be  followed 
by  an  ordinary  reflex  movement,  while  a  sudden  shock  causes  a  violent 
convulsion. 
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There  are  strong  groaude  for  the  belief  that  the  cella  of  the  anteriorl 
bom  are  not  necessarily  involved  in  the  strychnine  action  (Fig.  16).' 
For  when  strjchnine  is  applied  in  solution  to  the  cord  of  the  frog  at 
the  level  of  the  cells  connected  with  the  nerves  to  the  fore  limbs,  irri- 
tation of  the  foot  produces  an  ordinary  response  in  the  hind  limbs, 
while  the  anterior  port  of  the  body  remains  motionless ;  that  is,  strych- 
nine has  not  penetrated  to  the  cells  connected  with  the  hind  limbs. 
Irritation  of  Uie  fore  limbs,  on  the  other  hand,  produces  tetanus  not 
only  of  these,  but  also  of  the  hind  limbs,  although  the  motor  cells  of 
the  hind  limbs  have  been  shown  to  be  outside  the  poisoned  area. 
Tetanus  can,  therefore,  be  produced  in  parte  whose  motor  cella  are  I 
nnpoisoned.  The  increased  strength  of  the  contraction  is  due,  not  to 
augmented  energy  in  the  anterior  horn  cell,  but  to  the  impulses  which 
these  receive  being  much  stronger.  This  experiment  suggests  further 
that  the  synapse  round  the  motor  cell  is  not  the  point  chiefiy  affected 
by  strychnine.  And  the  posterior  root  ganglion  is  not  the  seat  of 
action,  for  convulsions  may  be  elicited  by  stimulation  of  the  posterior 
roots  above  this  point.  The  action  may  thus  be  localized  in  some 
point  between  the  entrance  of  the  afferent  fibre  and  the  synapse  round 
the  motor  cell.  The  depresaantB  "^  ^^"  nlw^linl-p.hlnmfnrpi  grpup 
appear  to  act  at  the  same  point  as  strychnine  f  p.  163). 

An  impulse  travelling  up  a  nerve  in  an  unpoisoned  frog  reaches  the 
cord  and  may  there  pass  through  a  number  of  paths  and  in  each  is 
subjected  to  various  influences,  so  that  it  arouses  different  motor  cells 
to  different  degrees  of  activity,  or  actually  inhibits  the  activity  of  some 
of  them ;  in  this  way  a  coordinated  movement  follows.     Under  strych-  ■ 
nine  these  influences,  which  may  be  figured  as  varying  resistances  in  I 
the  different  paths,  disappear,  and  the  impulse  passes  untrammeled  | 
along  all  available  paths  and  reaches  the  motor  cells  in  much  greater  I 
force  than  normally  and  thus  arouses  a  more  powerful  reaction  from  | 
them  and  a  correspondingly  strong  muscular  contraction.     But  the 
resistance  in  the  different  paths  is  essential  to  coordinate  the  move- 
ment and  the  increased  muscular  contraction  is  thus  no  longer  cooi^ 
dinated,  all  the  muscles  contracting  together  and  the  character  of  the 
movement  being  determined  by  t^r  relative  strength.     The  action 
of  strychnine  may  thus  be  explained  by  supposing  that  it  removes 
resistances  to  the  passage  of  impulses  through  some  of  the  synapses  of 
the  spinal  cord  and  thus  extends  the  area  on  which  an  impulse  acts, , 
and  also  liberates  it  from  the  normal  coordinating  influences. 

It  must  be  remarked  that  while  the  resistance  is  much  reduced,  i 
it  is  not  entirely  removed  and  the  ordinary  path  is  still  somewhat  | 
more  easily  traversed  than  the  others,  for  very  weak  irritation  often 
causes  an  ordinary  reflex  response  in  the  frog,  while  a  slightly  stronger 
stimulus  throws  it  into  opisthotonos.  Baglioni  has  recently  shown 
that  a  single  stimulus  is  not  sufficient  to  cause  complete  tetanus,  but 
that  the  movement  induced  by  the  first  shock  leads  to  secondary 
stimuli  arising  from  the  joints  and  tendons  which  are  moved;  the 
arrival  of  these  secondary  stimuli  in  the  cord  maintains  it  in  activity, 
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t-#e8A.o-    ,  and  the  mUBcleH  consequently  remain  contracted  until  the  cord  is 
"*■******  "^  fatigued  and   refuses  to  react  to  the  persistent  stimuli  from  the 
periphery.     The  muscles  then  relax  and  an  interval  of  quiescence  fol- 
lows until  the  cord  has  recovered  its  irritability. 

Sesides  the  spinal  cord,  all  other  regions  in  which  simple  reflex  o&n 
be  produced,  are  affected  by  strychnine.     Thus  the  medullj^iy  ppnt^pa 

I  are  thrown  into  the  same  condition,  and  their  rf"T'nTi'T°B  tf  ct'^nli  ti"* 
eqjiaiiy  exaggerated :  hut  they  are  in  conatanTreceipt  of  impulses,  and 
^tgcfaPlPe  by  incrpyaJTip;  tha  pltipiftn^y  nt  rhpBfi  aiipnfiTita  tbft  trnia  nf 
the  meiiiillfi  nhlnng-atn,  when  it  ia  given  in  small  onantitias. 

Artiticial  respiration  oas  been  snown  to  <lelay  the  onset  of  convul- 
sions in  animals,  but  it  is  still  an  open  question  whether  this  is  due  to 
the  better  aeration  of  the  blood  (Osterwald)  or  to  the  effects  of  the 
mechanical  movements  (Gies  and  Meltzer). 

The  stimulation  of  the  spinal  cord  by  strychnine  is  followed  by 
Hf^pTRaHJonaiid  paraLgsis.  Evenouring  the  first  stage  the  stimulation 
is  mixed  wit h'oepresaion,  for  though  a  more  violent  response  is  in- 
duced by  a  sensory  stimulus,  this  cannot  be  repeated  so  often  as  in  the 
normal  frog,  as  the  cord  becomes  fatigued  more  readily.     The  sensory 

Ipart  of  the  spinal  cord  seems  to  be  paralyzed  somewhat  earlier  than 
the  motor  cells,  but  these  also  lose  their  irritability  after  a  time  and 
no  further  movement  can  be  elicited  either  by  reflex  or  by  direct 
stimulation  of  the  cord. 

Strychnine  seems  to  have  no  direct  action  on  the  voluntary -Hnsclee ; 
it  is  stated  that  minute  quantities  increase  their  tone,  that  is,  render 
them  more  tense,  so  that  they  are  prepared  for  immediate  contraction, 
but  this  is  due  to  action  on  the  cord  and  not  on  the  muscle  fibres. 

The  Termliiatloiis  of  the  Motor  Nerves  are  paralyzed  by  large  doses 
of  strychnine  in  the  same  way  as  by  curara.  This  effect  is  scarcely 
seen  in  mammals,  as  central  paralysis  always  precedes  it  and  destroys 
life,  but  in  some  species  of  frogs  the  nerve  ends  are  paralyzed  before 
the  central  nervous  system.  This  paralysis  is  not  due  to  the  exhaus- 
tion of  the  nerve  ends  through  the  tetanus,  but  is  a  direct  action  on 
the  terminations,  although  the  exhaustion  may  contribute  to  the  result. 

The  Beipiratloii  is  quickened  and  deepened  by  small  quantities  of 
strychnine,  especially  when  the  centre  is  depressed  by  the  previous 
administration  of  a  narcotic  During  the  convulsions  the  breathing 
is  arrested  by  the  violent  contraction  of  the  diaphragm  and  the  other 
respiratory  muscles,  but  during  the  intermissions  it  continues  fairly 
regular.  After  one  or  two  spasms  it  often  fails  to  be  reinstated,  and 
the  animal  dies  of  asphyxia;  in  other  experiments  it  undergoes  a 
gradual  diminution  in  rate  and  strength,  and  eventually  ceases  from 
gradual  paralysis  of  the  centre. 

The  Heart  is  not  directly  affected  by  strychnine  in  mammals,  though 
it  is  sometimes  slightly  slowed  by  stimulation  of  the  inhibitory  centre. 
During  and  after  a  convulsion  it  may  be  accelerated  as  in  violent  exer- 
tion from  any  cause.  Very  large  quantities  slow  and  weaken  the 
frog's  heart. 
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The  VMomotor  Centres  are  stimulated  by  small  quantities,  so  that 
the  splanclmic  vessels  are  constricted,  while  the  cutaneous  and  perhaps 
the  muscular  yessels  tend  to  dilate  from  stimulation  of  the  vaao-  I 
dilator  centre.     The  blood  is  thus  deflected  to  some  extent  from  the  I 
internal  organs  to  the  skin  and  limbs.     Larger  quantities  tend  to  dis- 
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organize  the  vasomotor  centre  in  a  way  analc^us  to  that  described  in 
the  spinal  cord,  for  Bayliss  finds  that  inhibitory  reflexes  involving  the 
vaaomotor  centre  are  changed  to  motor  ones;  thus  stimulation  of  the 
depressor  nerve  after  strychnine  causes  a  rise  in  blood-pressure. 

During  the  convulsions  the  blood-pressure  is  raised  to  an  extreme 
height,  partly  owing  to  the  activity  of  the  vasomotor  centre  and 
perhaps  partly  from  the  blood  being  pressed  out  of  the  abdominal 
OT^ns  and  the  muscles  by  the  violent  contractions.  Immediately 
after  a  convulsion  the  blood-pressure  falls,  probably  from  the  exhaus- 
tion of  the  centre.  The  blood-pressure  remains  elevated  much  longer 
in  curarized  than  in  uncurarized  animals,  which  would  seem  to  indi- 
cate that  the  fall  in  pressure  is  partly  due  to  the  substances  produced 
by  muscular  activity. 
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In  the  Alimontur  Tract,  strychnine  has  the  same  action  as  any 
other  bitter  substance,  and  it  produces  a  flow  of  saliva  and  increased 
appetite  if  taken  before  meals.  (See  Stomachic  Sitters,  page  54.)  It 
seems  to  be  absorbed  from  the  intestine  mainly.  After  absorption  it 
probably  increases  the  movements  of  the  bowel,  apparently  from  some 
action  on  the  mnscle  or  on  the  ganglionic  plexus  in  the  bowel  wall. 

Ueta1>ollnL< — Strydmine  produces  an  enormous  activity  of  the  mus- 
cles, and,  therefore,  increases  very  greatly  the  consumption  of  oxygen 
and  the  output  of  carbonic  acid.  This  increased  excretion  of  carbonic 
acid  occurs,  though  to  a  less  extent,  even  when  the  muscular  contrac- 
tion has  been  previoiisly  eliminated  by  curara,  and  must,  therefore,  be 
due  in  part  to  the  contraction  of  the  involuntary  muscle  of  the  vas- 
cular walls  and  perhaps  to  the  increased  metabolism  of  the  central 
nervous  system. 

The  augmentation  of  the  oxidation  in  the  tissues  is  accompanied  by 
an  increased  formation  of  heat,  which  would  lead  to  a  rise  in  the  tem- 
perature of  the  body  were  it  not  counteracted  by  an  equal  or  even 
greater  increase  in  its  dissipation  through  the  skin.  The  result  of  the 
interaction  of  these  two  factors  is  that  in  spite  of  an  increased  warmth 
production  the  internal  temperature  is  generally  lowered  in  rabbits, 
while  a  slight  rise  in  the  thermometer  is  sometimes  seen  in  dogs  and 
cats.  The  skin  temperature,  on  the  other  hand,  rises  considerably 
because  more  blood  flows  through  it  than  usual. 

In  the  frog,  the  administration  of  strychnine  is  often  followed  by 
glycosuria.  This  does  not  seem  to  occur  in  adult  mammals,  but  is 
sometimes  observed  in  young  dogs,  in  which,  as  in  frogs  at  certain 
seasons,  there  is  a  large  accumulation  of  glycogen  in  the  liver.  Demant 
states  that  strychnine,  even  in  small  quantities,  causes  the  glycogen  of 
the  liver  and  muscles  to  disappear;  the  increased  muscular  movement 
and  the  disturbance  of  the  respiration  are  probably  the  explanation  of 
both  of  these  phenomena. 

Strychnine  is  eliminated  in  the  urine  chiefly.  Its  excretion  begins 
three  hours  after  its  injection,  but  is  exceedingly  slow,  and  the  reaction 
is  often  given  by  the  urine  for  three  to  eight  days  afterwards.  Traces 
of  the  alkaloid  also  appear  in  the  stomach  after  its  hypodermic  injec- 
tion, and  it  is  not  improbable  that  some  of  it  undergoes  oxidation  in 
the  tissues. 

Only  a  very  sli^t  degree  of  tolerance  is  developed  for  strychnine, 
even  after  very  prolonged  administration. 

The  actioa  of  etryclmine  is  almost  identical  throoghout  the  vertebrate 
Kingdom.  Han  is  more  saeceptibte  than  other  matmnals,  and  yoxmg  animals 
are  more  refractory  than  adults,  perhaps  owing  to  the  less  developed  condition 
of  the  central  nervoos  system.  The  domeetic  fovl  tolerates  comparatively 
large  quantities  without  symptoms.  The  characteristic  convulsant  action  is 
not  elicited  in  most  invertebrates,  in  which  it  generally  indnces  paralysis  only. 

Bmcina,  the  second  alkaloid  of  nnx  vomica,  resembles  Btrychnine  closely 
in  action  but  ie  much  weaker,  from  30  to  40  times  as  large  a  dose  being 
required  to  produce  the  same  effect.  It  differs  from  strychnine  also  in 
poaaeseing  a  much  more  powerful  action  on  the  nerve  terminations  in  volnn- 
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tary  mnade,  eepecially  i 
local  antesthetic  propertiea. 

Calabarine  and  g«lseiDUie  are  chiefly  of  intereet  as  impurities  which 
oeeor  along  with  the  more  important  alkaloids  of  the  Calabar  bean  and  of 
Oelsemium,  while  thebaine  foims  a  connecting  Unk  between  the  opium  alka- 
loids and  Btijchnine,  and  will  be  disenfised  ^ong  with  the  morplune  series; 
it  seems  to  stand  midway  between  stTjehnine  and  bmcine  in  toxicity. 

Pbspabatioits. 
-  Noz  Vomica  (TJ.  S.  P.,  B.  P.)i  the  seeds  of  Strychnos  nnz-romiea,  contains 
0.9-2  per  cent,  of  stryehnine  and  0.7-1.5  per  cent,  of  bmcine,  along  with 
tannin,  which  gives  a  tUik  green  coloration  with  iron  salts.     The  powdered 
befui  is  occasionally  prescribed  in  doses  of  0.06-0.25  G.  (1-4  grs.). 
•  ExiRACTCM  Nucis  ToMiCffl  (U.  S.  P.,  B.  P.),  0.015-0.08  G.  (^-l,gr.). 

Fluidextractum  Nwtis  VomietE  (U.  S.  P.),  0.05  e.c.  (1  min.}. 

tExtraetum  Nucia  Vomica  lAqtddttm  (B.  P.),  1-3  mins. 

TiNCTURA  NtJCia  ToMic«  (U.  8.  P.,  B.  P.),  0.3-1  c.c.  (5-16  mins.). 

Stfychnina  (U.  S.  P.,  B.  P.),  0.001-0.002  G.  (ArA  gr.). 

STKYCHNnTiB  NiTHAH  (U.  S.  P.),  0.001-0.002  G.  Ue-As  gr.). 

STgjjjgjTiNfi  Sulphas  (U.  S.  P.),  0.001-0.002  Or.  ( ArVo  g^-l^ 

StEYCH NIH^  HrDBOOHLORIDOM  (B.  P.),  ^(j— TI  ^- ' 

Liquor  Stryehnina  Sydrochloridi  (B.  P.)  (1  per  cent.),  2-S  mins. 

Ferri  et  Stryehnma  Citraa  (U.  S.  P.),  0.06-0.2  G.  (1-3  grs.). 

Glyeeritum  Ferri,  Quinina  et  Strychftina  Photphatutu  (U.  S.  P.),  1  c.c. 
(15  mins.). 

Sj/nipua  Ferri,  Quitunte,  et  Strychnince  Phoapiatum  (U.  S.  P.),  4rS  c.c. 
(1-2  fl.  dm.). 

Syrupve  Ferri  Phosphatis  cum  Quinina  et  Strychtmta  (B.  P.),  %-l  fl.  dr. 

The  extract  is  generally  pieseribed  in  pill  fonn,  while  strychnine  snlphate 
or  hydrochlorate  may  be  given  in  solution,  pill  or  tablet;  where  rapid  action 
is  desired,  it  is  injected  sabcutaneoosly.  The  tinctnre  is  lai^y  nsed  as  a 
atomachic  bitter,  and  the  iron  preparations  in  conditions  of  general  debility. 
The  preparations  of  the  U.  8.  P.  are  standardized,  the  extract  containing  6 
per  cent.,  the  flnidextract  1  per  cent,  and  the  tincture  01  per  cent,  of 
strychnine. 

TharapentiG  TTMa.— Strychnine  is  used  largely  for  its  local  action  on 
the  digestive  organs  as  a  stomachic  bitter,  and  is  generally  prescribed 
in  the  form  of  the  tincture  or  one  of  the  extracts  for  this  purpose,  as 
in  this  way  it  is  much  less  liable  to  absorption  than  when  given  as  an 
alkaloidal  salt.  It  may  be  combined  ^th  the  cinchona  preparations 
or  with  one  of  the  simple  bitters. 

•Small  quantities  of  strychnine  are  of  benefit  in  many  ill-defined 
conditions  of  weakness,  cachexia  and  "  want  of  tone  "  generally.  The 
results  are  probably  partly  due  to  ita  stomachic  effects  in  increasing 
appetite  and  digestion,  but  the  action  on  the  central  nervous  system 
cannot  be  overlooked.  The  slight  increase  in  the  irritability  of  the 
cord  probably  leads  to  an  improvement  in  almost  all  of  the  nutritive 
functions  through  increasing  the  contraction  of  the  vessels  and  pro- 
ducing greater  activity  of  the  muscles.  In  this  way  strychnine  per- 
haps deserves  the  name  of  "  tonic  "  more  than  moat  of  the  drugs  to 
which  it  is  applied. 

As  a  stimulant  to  the  central  nervous  system*  strychnine  has  found 

■Other  central  nervoiu  stimnlaoti  are  OaffelnB^  Atropine,  Oamphoi. 
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wide  application  in  almost  every  form  of  paraljsia,  and  as  long  as  dis- 
tinct anatomical  leeione  of  the  central  nervous  axis  are  absent,  it  may 
be  of  benefit;  for  instance,  it  is  often  valuable  in  lead  poisoning;  but 
where  the  continuity  of  the  axis  is  broken  by  bfemorrhage  or  by  the 
destruction  of  the  nerve  cella,  little  improvement  is  to  be  anticipated 
from  its  use,  though  it  may  serve  to  delay  or  prevent  the  atrophy  of 
peripheral  nerves  and  muscles  in  some  of  these  cases.  When  the 
parfdysis  is  due  to  an  inflammatory  process,  strychnine  is  to  be  used 
with  the  greatest  care,  or  is  perhaps  better  avoided  entirely  as  long 
as  the  irritation  is  present,  as  it  seems  to  increase  and  prolong  the 
inflammation  when  used  early  in  these  cases. 

Strychnine  is  used  as  a  respiratory  stimulant  in  some  forms  of  pul- 
monary disease  in  which  it  is  desirable  to  increase  the  respiration  or 
to  provoke  coughing.  It  has  been  advised  in  failure  of  the  respiration 
during  anaesthesia,  and  is  certainly  more  likely  to  be  beneficial  than 
the  great  majority  of  drugs  suggested  for  this  purpose.  Too  la^ 
doses  must  not  be  injected  in  these  cases,  however,  as  strychnine 
paralyzes  the  respiratory  centre  itself  when  given  in  excess.  In  other 
forms  of  poisoning  in  which  the  respiratory  centre  seems  in  danger, 
and  in  shock,  strychnine  may  also  be  of  service,  especially  when  it  is 
injected  hypodermically.  Other  respiratory  stimulants  which  may  be 
substituted  for  strychnine  for  some  purposes  are  caffeine  and  atropine. 

In  amaurosis  or  amblyopia  unassociated  with  atrophy  of  the  optic 
nerve,  and  even  in  commencing  atrophy,  strychnine  has  frequently 
improved  the  vision.  In  many  cases  it  fails  to  produce  any  benefit, 
and  the  exact  conditions  in  which  improvement  can  be  looked  for  are 
unknown. 

Strychnine  seems  to  be  of  benefit  in  some  cases  of  heart  disease 
and  is  often  supposed  to  have  a  direct  action  on  that  organ.  Any 
improvement  which  may  be  produced  by  it,  however,  must  be  attri- 
buted to  the  constriction  of  the  vessels,  and  the  indications  for  its  use 
would  seem  to  be  a  low  blood-pressure.  CrUe  denies  it  any  value  in 
the  treatment  of  the  low  blood-pressure  of  shock,  however,  and  Cabot 
could  not  find  any  change  in  the  blood-pressure  after  its  use  in  a 
number  of  conditions  in  which  it  is  ordinarily  advised.  There  seems 
no  question  that  its  value  in  heart  disease  is  often  overestimated,  and 
that  little  dependence  can  be  placed  on  its  benefiting  these  cases. 

Strychnine  is  said  to  be  of  value  in  chronic  alcoholism  in  lessening 
the  depression  which  forms  one  of  the  chief  difficulties  in  the  treatment. 

The  other  alkaloids  of  this  series  do  not  seem  to  have  any  properties 
which  would  entitle  them  to  a  position  in  therapeutics. 

Foisoning. — In  cases  of  strychnine  poisoning,  the  first  treatment 
consists  in  the  evacuation  of  the  stomach  by  means  of  emetics,  or, 
better,  by  the  stomach  tube ;  it  may  be  necessary  to  give  chloroform  as 
the  attempt  to  pass  the  tube  is  often  followed  by  violent  convulsions. 
Preparations  of  tannic  acid,  such  as  strong  tea,  may  be  given  in  order 
to  form  the  insoluble  tannate,  which,  however,  must  be  removed  as 
quickly  as  possible,  as  it  is  broken  up  by  the  acid  gastric  ju:ce  and 
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the  strychnin©  ia  rapidly  absorbed.  To  combat  the  CMivulsions,  de- 
pressants to  the  central  nervous  system  should  be  given,  and,  although 
chloral  ia  usually  advised,  chloroform  or  ether  is  often  preferable. 
It  is  imnecesaary  to  produce  deep  antesthesia,  a  few  whiffs  of  chloro- 
form being  often  flufficient_to  allay  the  convulsions.  The  advantage 
of  the  ansesthetica  over  chloral  is  that  they  can  be  removed  if  any 
symptoms  of  strychnine  paralysis  appear.  Opium  has  been  sug- 
gested, but  is  not  nearly  so  efficacious  in  strychnine  poisoning  as  mem- 
berg  of  the  methane  series.  If  the  paralysis  comes  on,  artificial  respi- 
ration may  be  attempted,  although  the  poison  is  excreted  too  slowly 
from  the  organism  to  permit  of  much  hope  of  recovery. 
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In  addition,  stryehnine  was  studied  by  Magendie,  CI.  Bernard  and  Orflla  and 
their  works  oaght  to  be  consulted  for  the  earlier  history  of  the  poison. 

in.     PIOBOTOXIN. 

Picrotoxin  is  the  best  Vnrram  mambpr  of  a  group  of  convulsive  poi- 
sons, which  resemble  each  other  very  closely  in  action,  but  o±  wSOse 
chemistry  little  is  known  beyond  the  fact  that  they  are  devoid  of 
nitrogen.  It  is  obtained  from  the  Anamirta  paniculata  (Anamirta 
cocculus,  Menispennum  cocculus),  and  is  a  ueutral  indifferent 
body.  Picrotoxin  (Cg|,H340j3)  may  be  broken  up  into  picrotoxinin 
(CisHieOfl),  which  resembles  it  in  its  effects  on  animals,  and  picrotin 
(CiaHigO,),  which  is  inactive- 
Other  poisons  resembling  picrotoxin  are  Cicittoxin,  derived  from  the  Cicnta 
virosa,  or  wat«r  hemlock,  and  probably  from  other  species  of  Cicnta,  (Enan- 
thotoxin,  the  active  principle  of  CEnanthe  crocata,  water  dropwort,  or  dead 
tongue,  and  Coriamyrtin,  which  occurs  in  Beveral  species  of  Coriaria,  of  which 
the  best  known  is  the  Coriaria  myrtifolia  or  currier's  sumach.  Another 
species  of  Coriaria  affords  the  toot  poison  of  New  Zealand.  Phytotaccotoxin, 
which  has  been  prepared  from  a  Japanese  species  of  Phytolacca,  resembles 
picrotoxin  in  its  action  and  may  probably  be  contained  in  the  official  {TJ.  S. 
P.)  Phytolacca  decandra,  or  pokeberry.  Lastly,  a  number  of  the  members 
of  the  digitalia  series  may  be  decomposed  into  bodies  which,  devoid  of  the 
14 
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characteriBtic  cardiac  action  of  digitalis,  produce  the  same  symptoms  as  picro- 
tozin.  Among  these  maj  be  mcntioDcd  Toxiresin,  obtained  from  digitozin, 
DigitaUreain  from  di^talin,  and  Oleandresin  from  oleandrin.  These  bodies 
all  produce  powerful  stimulation  of  the  central  nervons  system,  more  espeei- 

aiij  of  the  aimiiti  muLitiii  iiiB  luaiuiia  uuiuiipia:"^ma  'ca^i*-' i^^^fp^ 

TmSiem  mum  una  ILB  gmmUlM  »f  tlw  OiiiiljiIiB  s^es  TSsbeen  mentioned 
already.  IL  lUllji  be-viliiyi1  tBai  ihe  two  ^oups  are  similar  in  action  in  some 
respects,  for  although  picrotozin  does  not  aSect  the  heart  and  vessels  ia  the 
same  way  as  digitalis,  the  letter  possesses  the  characteristic  action  of  picro- 
tozin on  the  medulla  oblongata,  altbongb  in  a  weaker  degree;  in  fact,  some 
of  the  remedies  described  under  the  ^gitalis  series  act  as  strongly  on  the 
central  nervous  system  as  on  the  heart.  Picrotozin  resembles  camphor  also 
in  its  effects.  Two  alkaloids,  Samandarine  and  Samandaridine,  recently 
isolated  by  Faust  from  the  skin  of  the  newt  appear  to  resemble  picrotozin  in 
their  effects  on  animals. 

SymptoniB. — The  Bympltans,  which  are  often  somewhat  late  in  ap- 
pggf^jg,  are  very  similar  in  all  classes  of  vertebrates.  In  man  vom- 
iliiigis  not  infrequently  observed  after  members  of  this  series,  or  the 
first  symptoms  may  be  salivation,  acceleratif^n  fif  tha  rpapirntrnti^  and 
some  slownpBS  Qf_tiie  pn^se  g"*!  palpitation  of  the  lieart.  A  condition 
of  stupor  and  unconsciouBnesa  follows  and  then  a  series  of  powerful 
ivmviiTxinnx^-ffhlfbj1"m"'"TriTlC  ^"  trmin  BpqpnR,  soon  change  10  cloffic 
m<>vpnTprit3j-if  t.hn  1inihfl_and  jawB.  The  respiration  is  interrupted 
during'  theBespasms,  but  13  reinstated  during  the  intervals  of  quiet 
and  collapse  which  follow  them.  The  convulsions  return  after  a  ^ort 
pause,  and  this  alteration  of  spasm  and  quiet  may  continue  for  some 
time,  although  the  respiration  often  fails  to  return  after  one  of  the 
spasms,  and  fatal  asphyxia  results. 

Similar  effects  are  observed  in  the  lower  mammals.  After  a  pre- 
liminary stage  in  which  twitching  o£  the  muscles  and  vomiting  often 
occur,  and  in  which  the  respiration  Js  accelerated,  while  the  pulse  is 
slow,  a  violent  emprosthotonic  convulsion  sets  in,  hut  soon  changes 
to  clonic  movements;  these  may  last  for  some  time,  but  eventually 
become  weaker  and  give  place  to  a  condition  of  quiet  and  depression. 
An  increase  in  the  reflex  excitability  is  noticeable  during  this  interval, 
the  animal  is  fiasilv  ntflrtled  and  o<^casioTjal  twitchin]^  of  the  muscles 
may  be  observed.  Very  soon  a  second  convulsion  sets  in,  and  this 
may  be  fatal  from  asphyxia,  hut  the  symptoms  often  continue  for  an 
hour  or  more,  violent  spasms  alternating  with  ppriods  nf  dpjwsaion 
and  collapse.  In  the  frot;  cTonic  convulsions  are  also  the  chief  feature 
of  the  intoxication.  Very  often  the  animal  becomes  distended  with 
air  during  the  convulsions,  and  gives  a  curious  cry  in  releasing  it. 
The  heart  is  always  slowed  and  may  cease  to  beat  altogether  for  a 
time. 

Actioii. — The  clonic  convulsions  of  picrotozin  poisoning  are  altogether 
different  from  those  of  strychnine  and  other  similar  bodies,  which 
induce  prolonged  tonic  convulsions,  and  it  was  early  surmised  that  the 
members  of  this  series  act  on  a  different  part  of  the  Central  Herroiu 
Srrtem.  The  convulsions  are  found  to  persist  in  the  frc^  after  the 
cerebrum  has  been  destroyed,  and  even  when  all  of  the  brain  above  the 
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medtilla  oblongata  has  been  removed,  although  thej  are  weakened  by 
the  destruction  of  the  optic  lobes.  On  the  other  hand,  they  disappear, 
or  at  any  rate  lose  their  typical  character  when  the  medulla  oblongata 
is  removed,  so  that  it  would  seem  that  piprotoxin  and  its  alliea  .act, 
chiefly  on  the  medulla  oblongata,  while  the  spinal  cord  and  the  higher 
pfinS  ol  the  brain  are  comparatively  little  affected.  Strychnine.  _on 
the  ■other  hand,  exercises  its  chief  action  on  the  spinal  cord,  while  the 
oth^parts  oi  the  <i<l!HruI  tlfey^dhs  axis  are  leas  afEected.  It~is  not 
unlifel 


i^eiy  ^&I  in~&&iiid&la  higher  m  the  scale  than  the  amphibia  the 
action  of  picrotoxin  extends  to  the  pons  and  possibly  to  some  of  the 
cerebral  nuclei,  but  this  has  not  been  ascertained  with  certainty, 
though  it  is  su^ested  by  the  analogy  with  camphor  and  also  by  the 
fact  that  picrotozin  often  induces  restlessness  and  increased  move- 
ments before  the  onset  of  convulaions.  The  effects  of  the  etimulation/ 
of  the  centres  in  the  medulla  are  seen  in  the  A(^wlerHl:i<;in  of  tbft  rtmpi-t 
ration,  in  the  slow  pulse,  which  is  due  to  inhibitory  action,  in  a  veryl 
marked  rise  of  the  blood-pressure,  and  in  the  voiuiluig_and  salivation. 
In  many  animals  the  reflexes  are  found  to  be  increased  when  the 
medulla  is  severed  from  the  cord,  and  this  indicates  that  the  spinal 
cord  is  also  more  excitable  than  normally.  This  action  on  the  spinal 
cord  is  best  seen  in  the  fiah  and  reptile,  and  is  much  less  marked  in 
the  frog  and  mammals.  In  the  former,  picrotoxin  causes  convulsions 
even  after  the  medulla  oblongata  is  removed,  but  in  the  higher  ani- 
mals, in  which  the  functions  are  more  differentiated,  it  mer^y 
increases  the  reflexes  or  causes  very  slight  convulsive  movements. 

The  Heart  is  rendered  fll"w  by  picrotoxin,  and  in  the  frog  may  come 
to  a  standstill  during  the  convulsions.  This  is  due  principally  to 
stimulation  of  the  inhibitory  centre  in  the  medulla,  since  on  division 
of  the  vagi  the  heart  returns  to  almost  its  normal  rate.  Some  direct 
depression  of  the  heart  is  observed  after  large  doses,  for  the  pulse 
remains  slowed  even  after  atropine  or  division  of  the  vagi.  Picro- 
toxin causes  a  very  marked  rise  in  the  arterial  tension  from  atimola- 
tion  of  the  vaso-constrictor  centres  in  the  medulla  and  upper  part  of 
the  cord. 

The  Bwplratlon  is  accelerated  before  any  convulsions  set  in,  and  in 
the  intervals  ttetween  tlie  spasms  is  also  very  rapid,  owing  to  the  action 
on  the  centre.  Late  in  the  intoxication  the  breathing  may  become 
slow  and  labored,  probably  from  approaching  central  paralysis.  In 
^e  fw^,  spasm  of  the  laryngeal  muscles  prevents  the  escape  of  air 
from  tne  lunga,  so  xhai  the  animal  becomes  enormously  inflated. 

The  vomiting  AftM  fltlSfirred  l!l  uiuu  mid  lllH  dog  Tinder -picrotoxin 
is  probably  of  central  origin  and  not  due  to  gastric  irritation. 

The  peripheral  Nerves  and  HnBcIes  do  not  seem  to  be  affected  by 
these  poisons,  with  the  exceptions  of  toxiresin  and  digitaliresin,  which 
slightly  lessen  the  irritability  of  the  muscles. 

The  fate  of  picrotoxin  in  the  body  and  the  way  in  which  it  is 
excreted  are  uiinown.  Like  other  convulsive  poisons,  it  tenda  to 
lower  the  temperature  when  it  is  given  in  quantities  insufficient  to 
cause  convulsions. 
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The  convulsions  of  picrotoxin  and  its  allies  disappear  when  chloro- 

tform  or  chloral  is  administered.     On  the  other  hand,  the  respiration, 

r   Weakened  hy  narcotic  poisons  such  as  chloral,  is  aec^erated  by  picro- 

l   coxin,  the  blood-pressure  rises,  and  the  sleep  is  less  prolonged.     Ani- 

1  mala  are  not  awakened  at  once  from  narcosis  hy  picrotoxin,  but  coria- 

myrtin  has  this  effect. 

Picrotoxin  is  not  antidotal  in  morphine  poisoning  in  animals,  bat 
may  possibly  be  so  in  man  (see  page  224). 

PSBPABATIOMS. 

Picrotozlnnni  (B.  P.),  picrotozin  (C^.O,,),  a  neutral  principle  obtained 
from  Anamirta  paniculata,  slightly  soluble  in  water,  much  more  so  in  alcohol. 
0.001-0.003  G.  (^-'S  gr.). 

Phi/tolaeca  (U.  S,  P.),  the  root  of  Phytolacca  decandra,  or  pokeroot. 

Fluidextractum  Phytolacca  (U.  S.  P.),  0.3-2  Q. 

TharapantiG  Uses. — Picrotoxin  baa  been  used  aa  an  ointment  to 
destroy  pediculi,  and  in  some  forma  of  skin  disease,  but  is  too  poiaon- 
0U8  to  be  recommended  for  this  purpose.  It  has  been  proposed  to 
give  it  by  subcutaneous  injection  in  cases  of  collapse  and  in  narcotic 
poisoning,  but  according  to  Koppen,  coriamyrtin  is  more  efficient  in 
animals.     It  has  not  been  employed  for  this  purpose  in  therapeutics 

Iaa  yet.  It  has  some  reputation  in  the  profuse  night-sweats  of  phthisis, 
which  it  diminishes  in  a  certain  proportion  of  cases,  probably  hy 
increasing  the  respiration  and  thus  preventing  the  stimulation  of  the 
nervous  mechanism  of  perspiration  through  the  partial  asphyxia. 
Phytolacca  has  been  advised  as  an  emetic,  but  ia  alow  in  action  and 
dangerous.  It  is  seldom  prescribed,  and  appears  to  be  superfluous, 
at  any  rat©  until  its  action  has  been  ascertained  with  more  certainty. 
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IT.    OPIUM  8EBIES. 

Opium  has  been  used  in  medicine  since  a  very  remote  period,  and 
although  many  substitutes  have  been  proposed  for  it  of  late  years,  it 
still  occupies  a  position  of  ita  own  in  therapeutica.  It  is  the  dried 
juice  of  the  Papaver  somniferum,  a  poppy  which  is  grown  chiefly  in 
I^pdia.  CliuiayJlgyptj  Persia  and  Asia  Ainor,  but  has  been  cultivated 
in  colder  climates  and  is  said  to  produce  a  more  powerful  opium 
there.  Opium  owes  its  activity  to  a  lar^  number  of  alkaloids,  of 
which  Morphine  isTEA  BflBt  Ihiportant.     Otners  are  Vodetn^^seudo- 
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morphine,  Thehaine.  Codamine.  Laudanine,  Loj^moaine,  Papaverine, 
Mecomdine,  LatUkopine,  Cryptopine,  ProtopiTO^apaveramine,  Hhce- 
adine,  Nareotine,  Oxynarcotine,  Narceine,  RydToeotamine,  Onosco- 
pine  and  Tritopine.  Many  of  these,  however,  occur  only  in  traces. 
The  tot.H^  ^mniint.  of  ^Ikaloida  in  oninm  varies  from  about  5—25  per 
cent.,  and  different  specimens  may  contain  very  different  quantities 
of  each  alkaloid ;  for  instance,  morphine  may  vary  from  2.7—22.8  per 
cent.  The  average  percMitage  of  morphine  ia  10,  of  nareotine  6, 
papaverine  1,  codeine  0.5,  thehaine  0.3  and  narceine  0.2;  the  others 
occur  in  too  small  quantity  to  have  any  influence  on  the  action  of  the 
crude  drug.  The  alkaloids  are  found  in  opium  in  combination  with 
meconic,  lactic  and  sulphuric  acids.  The  empirical  formulee  of  most 
of  the  alkaloids  hare  been  determined,  those  of  the  most  important 
being  morphine  (C-, tH, nNO.1 .  codeine  (GigHjiNOj),  nareotine 
(CaaHjg'NOT),  papaverine  {dioB^iiNOt),  thehaine  (GioHajNOa). 
iforphine,  codeine  and  thehaine  are  derivatives  of  pbenanthrene 
(C,4H,o),  a  hydrocarbon  isomeric  with  anthracene;  in  morphine  this 
contains  two  hydroxyls  and  ia  combined  with  a  nitrogenous  radicle 
known  as  morpholine.'  In  codeine  one  of  the  hydroxyls  is  substi- 
tuted by  methoxyl,  and  in  thehaine  both  are  thus  substituted  and 
some  other  changes  occur  in  the  constitution,  Nareotine,  papaverine 
and  some  of  the  other  alkaloids  are  isoquinoline  derivatives. 

The  action  of  opium  is  mainly  due  to  the  large  amount  of  morphine 
contained  in  it,  thou^  the  other  alkaloids  may  reinforce  its  effects. 
Morphine  acts  chiefly  on  the  central  nervous  system,  but  it  also  affects 
some  peripheral  organs,  such  as  the  intestine.  Its  action  varies  con- 
siderably in  different  animals,  and  it  is  therefore  necessary  to  con- 
sider its  effects  at  some  length  upon  the  different  classes. 

STmptonu. — The  Prog  is  remarkably  tolerant  of  morphine,  no  change 
whatsoever  following  the  injection  of  quantities  which  would  cause 
distinct  symptoms  in  man.  The  first  symptoms  elicited  are  a  diminu- 
tion of  the  spontaneous  movements;  the  animals  sits  still  unless 
disturbed,  but  then  moves  in  a  perfectly  normal  manner.  Later  the 
movements  become  clumsy  and  ill-coordinated,  and  at  the  same  time 
they  are  elicited  less  easily.  At  a  somewhat  more  advanced  stage  of 
the  intoxication  the  animal  makes  no  movement  when  placed  in 
abnormal  positions,  as  on  its  back,  which  indicates  that  it  has  lost 
Mitirely  its  power  of  preserving  its  equilibrium.  The  spinal  cord 
maintains  its  irritability,  but  in  a  lower  degree  than  usual,  as  is  shown 
by  the  reflp*  movempnf|H  bfiinff  weaker  man  in  the  unpoiatiimd  f reg. 
T.hi8  condition  may  last  for  several  hours,  when  a  series  of  symptoms 
of  an  entirely  difEerent  nature  appear.  The  reflex  response  to  irrita- 
tion is  distinctly  depressed  during  the  first  stage,  but  in  this  second 
phase  it  begins  to  return,  and  eventually  a  condition  of  exaggerated 

'  The  formnls  for  morphine  accepted  as  most  probable  at  present  is 
vN(CH,)— CH, 
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reflex  irritability  sets  in.  This  development  first  affects  the  mascles 
of  respiration,  but  soon  spreads  over  the  whole  spinal  cord,  so  that 
the  condition  comes  to  resemble  exactly  that  noted  in  strychnine  poi- 
soning, except  that  the  frog  seema  more  easily  exhausted  than  E^r 
moderate  quantities  of  strychnine.  The  same  tetanic  contractions  of 
the  muscles  are  to  be  seen,  however,  with  opisthotonos  and  cj-jawtinn 
of  the  respirn^inn,  I'ntai-mptfl.^  Ky  pai-if^ln  jfr  ^<Hafjfippcfl  and  exhaus- 
ti^.  The  animal  may  recover  from  this  stage,  in  which  case  it  again 
passes  through  the  stage  of  depiesaion.  but  it  frequently  dies  during 
it  from  orhaiiBtinp  and  paralysis  of  the  central  nervona  system. 

InTlfaimnalg  morphine  produces  s.ymptoms  resembling  thoae  seen  in 
the  frog,  first  depreaaioTi  of  thn  voluntarY  movements,  and  later  a 
marked  increase  in  the  reflex  iiritapility.  The  relative  importance  of 
these  two  stages  differs,  however,  in  the  different  classes,  and  indeed 
in  different  individuals  of  the  same  class.  Thus  in  the_cftLand  in  all 
tlii^  nfhar  ^clji^fp,  and  in  the  horse  and  ass,  morphine  seems  rather  to 
increase  than  to  diminiah  mi>v"BTTTnnt: — TKe  animal  nma  abont  the 
room  or  in  a  circle  and  seems  unable  to  remain  at  rest  for  a  moment. 
At  the  same  time  a  depression  of  the  intelligence  and  of  th^  power  of 
perception  makes  itaeit  manifest,  tor  no  delinite  attempts  at  escape 
are  made  and  obstaclea  are  not  avoided  so  carefully  aa  by  the  unpoi- 
soned  animal.  JiTventuafry  (umyr^iona  aimilar  to  those  seen  flfter 
stzjutbuDe  are  developed,  in  the  dog,  on  the  other  hand,  the  depres- 
sant action  of  the  drug  is  the  more  highly  developed,  at  any  rate  after 
small  doses.  The  first  symptom  is  not  infrequently  vomiting  and 
defeecation,  and  then  the  animal  passes  into  a  light  sleep,  from  which 
he  can  be  easily  aroused  by  touching  or  by  noise,  but  which  rapidly 
becomea  deeper,  so  that  greater  force  has  to  be  used  to  waken  him. 
When  once  awakened,  he  aeems  to  sleep  less  heavily  for  a  short  time, 
and  a  much  slighter  stimulus  ia  enough  to  arouse  him  if  it  is  applied 
soon  afterwards.  When  awakened  he  may  perform  apparently  volun- 
tary movements  for  a  short  time,  although  more  clumsily  than  in  his 

I  normal  state,  but  no  complete  consciousness  is  present,  the  animal  is 

stupid  and  drowsy  and  soon  ainka  back  into  deep  slumber  again. 

I  The  aenaation  of  pain  seems  to  be  much  lessened  but  not  entirely 

abolished,  and  reflex  movements  are  difficult  to  elicit.     After  larger 

i  quantities  an  exaggerated  sensibility  to  external  stimulation  seems 

present,  for  the  animal  starts  convulsively  at  loud  sounds  and  on 
pinching,  but  when  left  undisturbed  lies  in  profound  sleep.  The 
respiration  ia  at  firat  quick  and  dyspnoeic,  the  dog  panting  as  if  after 
a  long  run,  but  later  it  becomes  slow  and  labored ;  the  pupil  is  nar- 
rowed; the  circulation  aeems  less  affected,  although  a  congestion  of 
the  akin  and  mouth  is  often  observed.  The  stage  of  strychnine-like 
eonvulaions  ia  not  developed  in  the  dog,  although  the  reflex  irritability 
may  be  distinctly  increased  by  large  quantities.  Just  before  the 
respiration  flnally  ceases,  convulsions  generally  occur,  but  these  are 
asphyxial  in  origin  and  are  not  due  to  the  direct  action  of  the  alkaloid. 
In  the  rabbit  and  other  rodents  the  symptoms  are  similar  to  those  seen 
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nn  the  Ao^,  but  the^depresaion  is  even  more  markJd^  An  incrSae  ii 
the  reflex  irritability  to  external  stimulation  is  also  evident  here, 
while  the  respiration  is  slowed  from  the  beginning.  Small  quantities 
of  morphine  produce  drowsiness  in  the  horae,  ass  or  goat,  larger  quan- 
tities reBtlessness  and  excitement  which  ma;  pass  into  convulsions 
and  death. 

In  Birds  morphine  causes  vomiting,  drowsiness,  sleep  and  stupor, 
with  slow  and  imperfect  respiration,  very  much  as  in  mammals;  in 
common  with  all  Uie  lower  animals  they  are  much  less  susceptible  to 
its  influence  than  man,  but  the  tolerance  does  not  seem  greater  than 
that  of  rabbits  and  dogs  when  the  drug  is  administered  hypoder- 
micallj.     It  sefflus  to  be  absorbed  with  difficulty  from  the  crop. 

In  Xaa  small  quantities  of  morphine  (^  gr.)  lessen  the  voluntary 
movements  and  produce  a  drowsiness  which  soon  passes  into  sleep, 
unless  the  patient  is  continually  aroused  by  his  surroundings.  As 
long  as  he  is  kept  awake,  his  actions  and  movements  show  nothing 
abnormal,  but  it  is  impossible  to  keep  his  attention  directed  to  any 
object  for  long,  and  as  soon  as  he  is  left  to  himself  for  a  few  moments 
he  sinks  into  sleep.  After  small  quantities  there  is  no  difficulty  in 
arousing  him;  in  fact,  the  sleep  seems  lighter  than  usual  and  may 
resemble  rather  a  state  of  abstraction  or  *'  brown  study."  In  this  con- 
dition the  imagination  is  not  depressed  to  the  same  extent  as  the  rea- 
son, and  it  is  often  stated,  therefore,  that  opium  at  first  stimulates 
the  intellectual  powers.  This  is  incorrect,  however — the  self-control 
and  judgment  are  lessened,  and  although  the  stream  of  thought  may 
seem  more  rapid  and  the  images  more  vivid  than  usual,  the  l(^cal 
sequence  is  lost,  and  the  condition  may  rather  he  'compared  to  dream- 
ing than  to  a  real  increase  of  the  intellectual  powers.  In  particular, 
the  patient  has  often  no  idea  of  time.  This  stage  of  abstraction  is  not 
by  any  means  generally  observed  and  soon  passes  into  sleep,  but  the 
unchecked  imagination  may  still  persist  in  the  form  of  dreams. 

In  larger  quantities  (;J— J  gr.)  morphine  produces  deep,  dreamlws 
sleep,  from  which  the  patient  is  still  easily  aroused,  but  which  returns 
at  once  when  he  is  left  undisturbed.  When  once  aroused,  he  can  be 
kept  awake  or  can  be  aroused  again  after  a  short  interval  much  more 
easily,  some  time  elapsing  apparently  before  the  same  degree  of  depres- 
sion is  reached  again.  As  the  dose  is  increased,  the  sleep  deepens 
into  torpor,  from  which  he  can  be  wakened  only  with  difficulty,  and 
eventually  all  efforts  to  arouse  his  attention  are  fruitless  and  he  sinks 
into  coma,  which  may  he  reached  very  soon  after  a  large  dose.  During 
this  deeper  sleep  and  coma  the  respiration  is  very  slow,  the  pulse  is 
r^olar,  full  and  of  moderate  speed.  The  pupils  are  contracted  to  a 
small  point  and  the  mouth  and  throat  are  dry.  The  face  is  purple 
and  congested,  and  the  ekin  feels  warm,  although  the  temperature  may 
be  low.  The  breathing  generally  becomes  slower  and  weaker,  and 
occasionally  periodic  (Cheyne-Stokes).  The  cyanosis  increases,  the 
pulse  becomes  smaller  and  often  quicker,  the  pupils  remain  contracted, 
but  dilate  widely  just  before  the  final  arrest  of  the  respiration.  The 
heart  continues  to  beat  feebly  for  a  short  time  afterwards. 
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216  OEQASIC  SUBSTANCES  ACTINO  AFTER  ABSOBPTION. 

After  small  doses  of  morphine  the  patient  generally  awakes  refreshed, 
and,  save  for  an  occasional  dryness  of  the  throat  and  slight  nausea, 
apparently  quite  normal.  Not  infrequently,  however,  headache  is 
complained  of,  and  sometimes  naueea  and  vomiting,  accompanied  by 
marked  depression.  In  rare  cases  delirium,  and  even  convulsions, 
have  been  observed  soon  after  its  injection,  but  these  symptoms  of 
excitement  are  so  rare  in  the  human  subject  as  to  be  classed  as  idio- 
syncrasies. Some  skin  affections,  such  as  itching  and  redness,  are 
occasionally  seen  while  the  action  is  passing  off. 

Action. — The  action  of  morphine  on  the  Oontral  NflrrouB  SyBtam 
seems  to  consist  then  of  a  mixture  of  stimulation  and  ^ipprfiaHinn.  which 
are  not  equally  marked,  however,  tbrongbont  tbe  <jivisiona  of  the  cen- 
tral axis.  The  depression  seems  to  be  produced  mainly  in  the  brain, 
especially  in  those  parts  associated  with  the  higher  intellectual  facul- 
ties, while  the  stimulation  affects  ffrst  the  spinal  cord.  It  seems  likely 
that  in  different  animals  these  two  opposing  influences  prevail  to 
varying  extents,  so  that  in  some  the  stimulant  action  extends  to  the 
brain,  as  in  the  cat,  while  in  man  the  depressant  action  dominates  the 
whole  central  nervous  system,  at  any  rate  when  moderate  quantities 
are  used.  The  action  on  the  brain  is  elicited  by  smaller  quantities 
than  that  on  the  cord,  so  that  the  first  effect  of  morphine  is  general 
intellectual  depression,  while  the  increased  activity  of  the  spinal  func- 
tions is  only  elicited  by  very  large  quantities.  This  selective  action 
of  morphine  is  especially  evident  in  the  medulla  oblongata,  in  which 
certain  centres  are  entirely  paralyzed  before  neighboring  ones  undergo 
any  distinct  modification. 

I  Morphine,  therefore,  seems  to  combine  in  itself  the  properties  of 
alcohol  and  of^ strychnine;  like  the  former,  it  depresses  the  functions 
of  attention  and  coordination  of  the  brain,  while,  like  the  latter,  it 
increases  the  activity  of  the  spinal  cord. 

The  effect  of  morphine  on  the  Spinal  Cord  has  been  studied  almost 
exclusively  in  the  iiog.  The  reflex  irritability  in  these  animals  ia 
first  diminished  to  a  slight  extent,  and  then  increased  to  the  same 
degree  as  by  strychnine.  It  seems  difficult  to  believe  that  the  same 
drug  should  cause  first  depression  and  then  stimulation  of  a  function, 
but  it  has  been  shown  in  the  description  of  the  action  of  strychnine 
that  all  the  elements  of  the  spinal  cord  are  not  involved  in  the  changes 
produced  by  that  poison,  and  a  possible  explanation  would  be  that 
while  small  quantities  of  morphine  lessen  tbe  ability  of  the  motor  cells 
to  give  out  impulses,  larger  quantities  increase  the  activity  of  the 
receptive  and  transmitting  cells,  so  as  to  compensate  for  the  depres- 
sioD  of  tbe  motor  cells  and  eventually  to  conceal  their  depression 
entirely. 

It  will  be  shown  in  the  discussion  of  the  effects  of  morphine  on  tbe 

!  respiratory  centre  that  some  grounds  exist  for  the  belief  that  the 

motor  functions  are  depressed  by  morphine,  but  this  explanation  of 

its  action  on  the  cord  must  be  looked  upon  merely  as  a  preliminary 

hypothesis  to  account  for  the  phenomena. 
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The  hypothesis  of  opposing  sction  on  the  motor  and  Bensory  elements 
of  the  cord  would  explain  the  different  re&ults  observed  in  different 
dasses  of  animals  by  assaming  that  the  depressant  effects  on  the 
motor  apparatus  are  more  developed  in  one  class,  while  in  another  the 
stimulation  of  the  receptive  apparatus  is  the  predominating  featnre. 
It  is  to  be  remarked  that  in  all  animals  the  cord  is  less  depressed  than 
in  the  corresponding  stage  of  chloral  poisoning,  for  if  two  animals  are 
poisoned,  the  one  with  morphine,  the  other  with  chloral,  until  no 
voluntary  movements  occur,  the  reflexes  of  the  one  poisoned  with 
morphine  are  always  found  mor©  active  than  those  of  the  other. 

The  effects  of  morphine  on  the  Brain  are  no  less  difficult  to  account 
for  than  those  on  the  cord.  In  the  frog  the  symptoms  of  increasing 
depression  correspond  to  those  observed  after  the  removal  in  succes- 
sion of  the  cerebral  lobes,  the  (^nrporii  qmiflrigPTniTia,  iho  cerebellum 

in\Atha  ^pflnlln   nMnngnfa         In  Tn^t]  if  in  nftm  ffund  thllt  IfmrPTfl- 

tively  small  Quantities  are  sufficient  to  dead^Ti  f>r  ''^''"  ""ti'-aly  npipmrA 

the  pain  of  flisaftflp  yithnnt  ryTif|pvinj^  fVi^  pfitipT\t  VTinnTnu»inna        The 

intelligence  is  not  bo  acute  as  normally,  but  he  answers  questions  and 
converses  freely  and  may  even  seem  abnormally  sensitive  to  impres- 
sions caused  by  loud  noises  or  bright  Sashes  of  light.  Animals  in  this 
condition  may  be  subjected  without  resistance  to  what  would  ordi- 
narily involve  considerable  pain,  provided  the  application  be  not  sud- 
denly made.  If  stmck  suddenly,  however,  they  react  as  usual,  and 
remain  apparently  as  sensitive  as  usual  for  some  time.  Morphine 
then  seems  to  lessen  the  power  of  concentrating  the  attention.  Ab 
long  as  any  stimulus  is  of  constant  strength,  be  it  an  internal  pain  or 
a  noise  or  light,  the  morphinized  individual  remains  unconscious  of 
it.  On  the  other  hand,  a  shock  is  at  once  perceived,  and  the  lethargy 
being  for  the  moment  dispelled,  he  reacts  to  his  surroundings  for  a 
short  time,  but  is  incapable  of  prolonged  attention  and  soon  sinks  into 
stupor  again. 

Morphine  in  moderate  quantities  seems  to  have  but  little  effect  on 
the  irritability  of  the  motor  areas  of  the  brain  cortex,  but  in  large 
quantities  it  lowers  and  eventually  abolishes  it.  Exner  found  no 
alteration  in  the  time  elapsing  between  the  perception  of  a  flash  of 
light  and  a  preconcerted  movement,  while  others  have  found  that  the 
reaction  to  a  slight  touch  was  retarded.  This  would  agree  with  the 
hypothesis  introduced  above — the  power  of  summation  is  lessened  and 
slight  stimuli  are  therefore  perceived  more  slowly,  while  a  stronger 
impression  is  perceived  and  acted  upon  after  the  usual  interval. 

Several  observers  have  investigated  the  relative  sensibility  of  the 
skin  before  and  after  morphine.  The  method  employed  was  to  measure 
the  smallest  distance  on  the  skin  at  which  the  person  could  recognize 
two  points  as  distinct.  In  every  case  it  was  found  that  the  ability 
to  do  this  was  lessened  by  morphine,  owing  to  the  central  depression, 
the  drug  seeming  not  to  have  any  direct  action  on  the  sensory  organs 
themselves.  No  definite  histological  changes  occur  in  the  brain  cells 
or  fibres  as  the  effect  of  morphine. 
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SesplraUon.-^In  man  and  in  most  other  animals  the  reBpiration  is 
slowed  by  morphine  from  the  beginning  (Fig.  18),  but  in  the  dog 
there  ia  often  a  preliminary  stage  of  rapid,  panting  breathing,  which 
may,  however,  be  secondary  to  the 
emetic  and  purgative  effects.  The 
respiration  in  man  is  at  first  some- 
what deeper  than  usual,  but  the 
increase  in  the  depth  is  seldom 
sufficient  to  counterbalance  the 
slowness  of  the  breathing,  so  that 
the  air  inspired  per  minute  is  con- 
siderably reduced;  in  the  later 
stages  it  becomes  shallower  and  is 
often  irregular.  This  irregularity 
may  have  a  periodic  character,  a 
series  of  deep  respirations  being 
followed  by  several  progressively 
weaker  ones  and  then  by  complete 
inactivity  for  several  seconds.  The 
breathing  then  recommences  with 
a  very  slight  movement,  followed 
by  a  series  increasing  regularly  in 
strength  and  then  again  decreas- 
ing. This  form  of  respiration 
( Qheyne-Stok^Xi^  seen  in  various 
pattoJogical  conditions  and  has  re- 
ceived different  explanations,  but 
is  prgbably  du^  *^  dir"''"  n-^''»" 
op,tfee  respirajv^i-y  jv^ntrp.  It  has 
beenmentioneH  already  that  when 
the  animal  is  once  aroused  repeated 
movements  are  much  more  easily 
elicited,  and  it  would  seem  probable  that  the  accumulation  of  car- 
bonic acid  in  the  blood  during  the  pause  eventually  awakens  the 
torpid  centre,  which  causes  a  small  movement.  The  next  move- 
ment is  larger,  owing  to  the  persisting  activity  of  the  centre  and 
this  continues  until,  the  blood  becoming  lees  venous,  the  stimulus 
becomes  weaker  and  the  cells  sink  again  into  their  former  torpor,  to 
be  again  resuscitated  by  the  increasing  venosity  of  the  blood.  Loewy 
has  examined  with  particular  care  the  condition  of  the  respiratory 
\centre,  and  found  that  much  larger  quantities  of  carbonic  acid  than 
lusual  were  required  to  increase  the  volume  of  the  respired  air  a  given 
Id^ree.  His  results  may  indicate  that  the  power  of  sending  out 
limpulses  as  well  as  of  receiving  them  is  lessened  by  morphine,  while 
ftbe  narcotics  of  the  metliane  series  may  perhaps  lessen  the  receptivity 
tof  the  centre  without  leaaening  its  power  to  emit  impulses. 

After  large  doses  the  respiration  becomes  gradually  slower  and 
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weaker,  and  often  loses  its  periodic  character.  Dven  after  conscioua- 
nesB  fails  to  be  aroused  by  the  most  powerful  shocks,  some  influence 
may  be  exerted  on  the  respiratory  centre.  Thus  the  sudden  applica- 
tion of  cold  water  may  cause  several  deep  respirations,  although  it 
fails  to  dispel  the  stupor,  but  the  respiration  finally  fails  to  react  to 
these  applications  and  soon  afterwards  ceases. 


} 


Cberue-StokeB  nspliatlon  Id  oplom  poltonlns-    The  up  atrokea  denote  InaplraQoD. 
(After  FlLBBKl.) 

To  sum  up  the  action  of  morphine  on  the  central  nervons  system,  it 
produces  great  depression  which  is  especially  marked  in  the  psychical 
functions,  but  spreads  over  the  lower  parts  of  the  nervous  axis  and 
involves  sooner  or  later  the  respiratory  centre.  This  depression  does 
not  seem  to  affect  so  much  the  motor  areas  as  the  powers  of  the  will 
and  attention.  In  manmials  the  failure  of  the  respiration  closes  the 
course  of  the  intoxication,  but  in  the  cold-blooded  animals  a  further 
development  of  excessive  reflex  irritability  follows  which  may  pass 
into  tonic  convulsions.  Even  in  the  higher  animals  and  man  some 
indication  of  this  action  on  the  cord  may  occur,  and  in  the  feline  group 
this  stimulation  involves  not  only  the  cord,  but  also  the  motor  areas 
of  the  brain  apparently. 

Morphine  has  little  direct  action  on  the  Olrcnlation.  The  heart  is 
often  slightly  accelerated  at  first,  perhaps  from  the  slight  nausea. 
The  frog's  heart  is  rendered  slow  and  weak  by  very  large  quantities 
of  morphine. 

The  blood-pressure  remains  high  and  the  peripheral  arteries  in 
general  show  no  change  of  calibre,  with  the  exception  of  those  of  the 
siin,  especially  of  the  head  and  neck,  which  are  dilated,  rendering  the 
face  fluked  and  hot;  as  asphyxia  comes  on  the  flush  becomes  more 
dusky  and  cyanotic,  but  the  vessels  remain  dilated,  so  that  the  face  is 
■  of  a  bloated,  pnrple  color.  The  dilatation  of  these  vessels,  which  is 
due  to  some  obscure  central  action,  has  little  influence  on  the  general 
pressure,  but  causes  a  sense  of  warmth  in  the  skin,  which  is  occasion- 
ally followed  by  itching  and  discomfort.  It  may  account  in  part  for 
the  increased  perspiration  often  observed,  although  this  is  doubtless 
contributed  to  by  other  factors.  As  asphyxia  advances,  the  pulse  may 
become  slow,  while  the  blood-presauTyVMrltia.  bllhHr  rMnp,  fnnn-TtrB"^ 
aspliyAJal  antllliy  Uf  llio  t'ggumulUl'  fififttre  or  lalliny  from  tha  BlnwtmKa 
QfTllB"B&An.  T!lnt«e"tirrCT;tB"aiti  biiliitily  aPsent  if  the  blood  be  suiE- 
liitUlllji  auiaied  by  artificial  respiration,  and  are,  therefore,  to  be 
regarded  as  indirect  results  of  the  action  on  the  respiratoiy  centre. 
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IThe  selective  action  of  morpbme  is  thua  excellently  illustrated  in  its 
effects  on  the  medulla  oblongata,  for  the  respiratory  centre  is  paralyzed 
before  the  centres  for  cardiac  inhibition  and  vaso-constriction  are 
affected  to  any  marked  extent. 

The  peripheral  HnBcles  and  Nerves  are  also  unaffected  by  morphine 

in  any  except  overwhelming  doses.     Even  when  directly  applied  to 

the  nerve  it  has  but  little  effect  on  the  irritability  (Waller).     When 

morphine  is  injected  subcutaueously  in  the  frog  in  large  quantities,  it 

lessens  the  power  of  the  end-organs  to  transmit  impulses,  but  no  such 

effect  is  noted  in  mammals.     It  is  often  stated  that  the  sensory  termi- 

I  nations  are  paralyzed  by  morphine,  and  solutions  are  therefore  injected 

I  into  the  seat  of  pain,  or  liniments  are  rubbed  into  the  skin  over  it,  but 

I  as  a  matter  of  fact,  morphine  seems  entirely  devoid  of  tu;^_aucb-ltMMl 

Lssiieo.     The  sensibility  of  the  skin  is  lowered  by  an  injection,  it  is 

true,  but  no  more  so  at  the  point  of  application  than  in  other  parts 

of  the  body,  bo  that  the  action  appears  to  be  central. 

The  PupQ  undergoes  characteristic  changes  in  moiphine  poisoning. 
In  the  great  majority  of  cases  in  man,  the  pupil  is  contracted  to  pin- 
V  point  dimensions  until  just  before  the  final  asphyxia,  when  it  dilates 
J  widely.  In  some  animals,  such  as  the  dog  and  rabbit,  the  same  effects 
are  seen,  while  in  birds  the  pupil  remains  unaffected,  and  in  animals 
in  which  morphine  causes  movement  and  excitement,  it  is  dilated 
widely.  The  action  is  undoubtedly  central,  and  not  due  to  any  local 
changes  in  the  eye.  A  namber  of  other  drugs  produce  equally  marked 
contraction  of  the  pupil,  hut  these  have  the  same  action  when  dropped 
into  the  conjunctival  sac,  while  morphine  has  no  effect  when  applied 
in  this  way ;  'jt^rnijpp  npp1ip<^  to  the  coniiinetivfl  at  onc^  rwmoyen  the 
mvfwiH  produced  by  morphine.  The  terminal  dilatation  seen  in  man 
is  not  due  to  any  direct  action  of  the  poison,  but  is  a  result  of  the 
general  asphyxia. 

As  a  general  rule  the  Secretory  Qlands  seem  to  be  rendered  less  active 
than  usual  by  morphine.  When  It  produces  nausea  it  may  increase 
the  saliva  aind  the  mucus,  hut  these  are  the  usual  accompaniments  of 
this  condition  and  cannot  he  considered  due  to  any  special  action  of 
the  poison.  The  sweat  glands  are  exceptions  to  the  general  rule,  how- 
ever, for  slight  perspiration  is  generally  observed  from  the  therapeutic 
action,  and  profuse  perspiration  is  seen  before  death  in  some  cases  in 
man  from  the  effects  of  the  asphyxia.  The  urine  does  not  generally 
show  any  distinct  alteration  after  morphine  in  man,  but  there  is  not 
infrequently  retention  in  the  bladder  because  the  sphincter  refiez 
is  absent. 

The  Alimentary  Oanal  manifests  some  distinct  changes  under  mor- 
phine, which  have  not  yet  been  completely  explained.  In  the  human 
subject  its  injection  is  occasionally  followed  by  some  nausea,  which  is 
much  more  frequently  present,  however,  during  recovery  from  the 
drug.  In  the  dog  and  cat  nausea  and  vomiting  are  almost  invariable 
sequelEc  of  its  application  in  any  form,  and  from  the  rapidity  with 
which  they  follow  its  subcutaneous  injection  would  seem  to  be  due  to 
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its  acting  on  the  meduUary  centre.  Small  quantities  of  opium  or 
morphine  lessen  the  sensation  of  hunger  in  the  human  suhject,  but  this 
is  probably  to  be  attributed  to  central  action  rather  than  to  any  effects 
on  the  stomach.  Biegel  states  that  in  man  and  the  dog  the  gastric 
secretion  is  generally  retarded  at  first  but  is  subsequently  increased 
to  a  considerable  extent.  This  occurs  whether  the  drug  be  admin- 
istered by  the  mouth  or  hypoderraically  and  is  therefore  due  to  some 
change  induced  by  it  after  absorption.  The  rate  of  absorption  in  the 
stomach  and  bowel  appears  to  be  unchanged  by  morphine. 

The  effects  on  the  intestine  vary  with  the  dose  injected  as  well  as 
with  the  species  of  animal.  Very  large  quantities  cause  violent 
peristalsis  and  repeated  evacuation  of  the  bowel  in  the  dog,  cat,  end, 
according  to  some  authors,  the  rabbit,  while  small  doses,  on  the  other 
hand,  are  followed  by  lessened  peristalsis  and  constipation  in  man  and 
in  most  animals.  Even  in  poisoning  in  man,  the  purgative  effect  is 
not  observed,  and  opium  and  morphine  are  very  extensively  used  in 
therapeutics  to  quiet  the  movements  of  the  bowel.  Magnus  found  that 
the  constipating  action  could  be  elicited  after  all  the  nerves  to  the 
stomach  and  bowel  were  divided,  so  that  it  is  quite  independent  of 
the  action  on  the  central  nervous  system.  He  states  that  the  passage 
of  food  through  the  stomach  is  much  delayed  through  a  persiatentf 
contraction  of  the  sphincter  antri  pylorici  which  keeps  the  contents  inl 
the  cardiac  end,  and  later  of  the  pyloric  sphincter  which  delays  theirl 
passage  into  the  duodenum.  Their  passage  through  the  bowel  is  also 
slower  than  nsual,  but  the  chief  delay  in  his  experiments  occurred  in 
the  stomach.  This  slow  emptying  of  the  stomach  permits  of  more 
complete  absorption  in  the  bowel  and  thus  leads  to  the  stools  being 
fewer  and  of  firmer  consistence.  There  is  some  evidence  that  in  man 
the  evacuation  of  the  stomach  is  delayed,  as  in  Magnus'  experiments 
on  animals,  but  in  all  probability  the  retardation  of  the  passage 
through  the  intestine  plays  a  larger  part  in  the  constipating  effect 
than  he  admits.  In  any  case  the  action  is  a  peripheraj  one.  in  the 
wall  of  the  stomach  and  bowel. 

Morphine  frequently  causes  a  slight  fall  in  the  Temperatore,  which 
may  be  explained  by  the  less  active  movements  and  the  dilatation  of 
the  cutaneous  vessels ;  sometimes  a  slight  preliminary  rise  in  the  tem- 
perature has  been  seen  in  man.  It  is  found  that  animals  under  moi^ 
phine  react  less  to  an  increase  in  the  surrounding  temperature  than 
unpoisoned  ones ;  t.  e.,  a  normal  animal  exposed  to  a  high  temperature 
takes  measures  to  prevent  its  internal  temperature  from  rising  above 
the  normal,  while,  under  morphine,  these  measures  are  less  effective, 
and  the  temperature  rises  more  rapidly  and  to  a  greater  height;  this 
indicates  that  the  temperature  centre  in  the  brain  is  rendered  less 
sensitive. 

HeUbollmn. — The  excretion  of  carbonic  acid  is  lessened  during  the 
depression  stage,  while  in  those  animals  in  which  excitement  is  pro- 
duced, it  may  be  considerably  augmented  from  the  increased  muscular 
movement.     The  imperfect  respiration  leads  to  an  increase  in  the 
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lactic  acid  of  the  blood  and  urine  and  to  the  disappearance  of  glyi 
from  the  liver.     Sugar  may  appear  in  the  urine  from  the  same  cause. 

Excretion. — Morphine  is  excreted  mainly  by  the  digestive  tract,  in 
the  saliva,  stomach  and  bowel,  and  ia  therefore  found  in  lai^e  quan- 
tities in  the  faeces  even  after  hypodermic  injection.  Traces  of  it 
occur  also  in  the  urine  after  large  dosee.  Tt  fippMra  m  tt)p  Btomaeh 
very  SOO"  pf*"  i^jw-tinn^  fl  tppalrrfBf-tif^n  »^»?^ing  nffftr  f^^  ^j,A^.^ 
hnlf  mimitj'g-aivvirding  to  Alt,  but  after  about  an  hour  no  further 
excretion  into  the  stomach  has  been  shown  to  occur,  although  its  nar- 
cotic action  persists  much  longer.  A  certain  amount  ni  thm  Ttinrpbinft 
jBjlergoes  partial  oxirlftt.inii  in  thi^  tiBsiies,  and  some  oxidation  prod- 
ucfs  have  t)een  said  to  occur  in  the  urine. 

Toleranco. — The  continued  use  of  morphine  or  opium  leads  to  a  con- 
dition of  tolerance,  in  which  enormous  doses  of  the  drug  are  necessary 
to  elicit  any  effect.  Faust  has  succeeded  in  producing  a  similar  state 
in  dogs,  and  finds  that  much  more  morphine  is  oxidized  in  the  tissues 
in  this  condition  than  in  untreated  animals;  for  when  anormal  dog 
received  an  injection  of  morphine,  over  60  per  cent,  of  the  amount 
injected  could  be  recovered  from  the  stools,  while  when  a  much  larger 
quantity  was  injected  into  a  tolerant  animal,  none  whatever  was  found 
in  the  excreta.  It  does  not  follow  that  the  absence  of  symptoms  from 
large  doses  in  morphinists  is  due  wholly  to  the  poison  being  oxidized 
before  it  can  reach  the  brain,  for  Cloetta  was  able  to  isolate  large 
quantities  from  the  tissues  of  animals  in  which  tolerance  had  been 
established.  It  is  rather  to  be  inferred  that  the  nerve  cells  become 
habituated  to  its  presence  in  the  blood,  and  cease  to  react  so  strongly 
as  in  normal  individuals,  and  that  in  addition  the  tissues  acquire  a 
greater  power  of  oxidizing  morphine  under  these  circumstances.  The 
attempt  to  find  "  antimorphine  serum  "  has  proved  fruitless. 

Codeine  resembles  morphine  in  the  general  features  of  its  action, 
althDUgh  it  is  much  Ipaa  TininoTin^ia.  ^t.  depresses  the  brain,  and 
causes  an  exaltation  of  the  activity  of  the  lower  parts  of  the  cen- 
'  tral  nervous  system.  Its  depressant  action  is  not  so  powerful  nor  so 
enduring  as  that  of  morphine,  however,  while  the_8timnlatiim-ia  more 
evident  and  involves  not  onlv  the  cord,  but  also  the  medulla  oblon- 
"fyfltH  nT\i\  Inw""  pBrtB  "^'  thp  TirniTi.  Aa  TinH  hM>n  Tnpnrimiad  already, 
morphine  also  stimulates  rather  than  depresses  the  brain  in  the  fdine 
class,  but  with  codeine  this  is  true  also  for  the  dog  and  to  a  less  extent 
for  man.  In  the  latter  small  quantities  of  codeine  produce  sleep,  but 
this  is  not  so  deep  and  restful  as  that  which  follows  tiie  administration 
of  morphine,  and  the  patient  is  liable  to  be  awakened  by  slight  noises, 
and  is  restless  and  often  unrefreahed  when  he  awakens.  Somewhat 
larger  quantities,  instead  of  inducing  deeper  sleep,  increase  the  rest- 
lessness and  cause  a  considerable  exaggeration  in  the  reflex  excita- 
bility. The  respiration  is  not  so  much  slowed  as  after  morphine,  and, 
according  to  Wintemitz,  the  excitability  of  the  centre  ia  practically 
unchanged,  while  morphine  reduces  it  very  considerably.  The  pupil 
is  slightly  contracted  during  the  codeine  sleep,  but  dilates  when  die 
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excitement  stage  follows.  Codeine  does  not  seem  to  produce  bo  great 
constipation  as  morphine,  and  in  animals  often  causes  purging  and 
diarrlioea.  It  is  excreted  in  the  urine  mainly,  and  prolonged  admin- 
istration fails  to  induce  tolerance  or  to  promote  its  destruction  in  the 
tisBuea  (Bounsa). 

Codeine  is  methylmorphine,  and  a  namber  of  Bimilar  compounds  have  been 
formed  artificially,  such  as  ethylmorphiDe  and  amylmorphine.  Two  of  these, 
ethylmorphine  (Dlonlne)  and  benzylmorphine  (Feronlne)  have  recently  been 
introduced  into  therapeutics,  but  appear  to  possess  no  advantages  over 
codeine. 

OzydimorphinQ  (C„H„N,0,)  has  been  fotuid  in  opinm  by  some  investi-  ' 
gators,  and  has  a  very  weak  narcotic  action  resembling  that  of  morphine. 

•parftiTi*  in  an  artificial  alkaloid  formed  from  morphine  by  substituting 
acetyl  for  its  two  hydroxyls,  and  has  attracted  some  attention  recently 
through  its  being  advocated  as  a  respirat"TT  p^'^f'""  ■"  '•r.n^'h  It  appears  to 
resemble  morphine  in  its  general  effects,  bot  is  said  to  act  more  strongly  on 
the  respiration  and  less  on  the  cerebral  functions.  Thus  the  respiration  is 
gendered  slower  with  less  mental  deprpagjj^"  thnn  wmiT.<  Brumwpany  up  Afl"*l 
pbnf|yp  piii-itivl  hv  mnrphinp!  According  to  the  advocates  of  heroine,  the 
slowness  of  the  breathing  is  in  part  compensated  for  by  its  greater  depth, 
80  that  the  actual  diminution  of  the  air  inspired  is  not  proportional  to  the 
decrease  in  the  nomber  of  the  movements ;  but  this  has  been  disputed  and  is 
certainly  not  invariably  true,  particularly  in  man.  On  the  whole  the  evidence 
of  experimental  and  clinical  observers  seems  to  indicate  that  heroine  deserves 
a  place  between  morphine  and  codeine. 

PapBTsrina  stands  midway  between  codeine  and  morphine  in  its  action  on 
the  central  nervous  system,  but  is  a  comparatively  weak  poison.  Even  in 
laige  quantities  it  has  not  the  soporific  action  of  morphine,  nor  does  it 
prince  the  same  degree  of  excitement  as  codeine.  Comparatively  small 
quantities  are  followed  by  sleep,  but  this  does  not  become  deeper  as  the  dose 
is  increased.  On  the  contrary,  the  refiez  ezcitahility  is  augmented,  and 
after  very  lai^  quantities  some  tetanic  spasm  may  be  elicited,  but  thia  seems 
to  be  of  spinal  origin  entirely,  while  that  produced  by  codeine  points  rather 
to  an  afFection  of  the  lower  part  of  the  brain.  Papaverine  has  more  ten- 
dency to  slow  the  heart  rhythm  than  either  morphine  or  codeine;  it  appar- 
ently acts  directly  on  the  heart  muscle  and  not  through  the  regulating  centres. 
The  blood-pressure  is  little  affected  by  ordinary  quantities,  however. 

Harcotlne  resembles  codeine  rather  than  morphine,  but  has  even  leas 
depressant  aetion,  especially  in  mammals.  In  the  frog  a  short  stage  of 
depression  is  elicited,  but  this  soon  gives  place  to  strychnine-like  exa^era- 
tion  of  the  reflex  excitability.  In  mammals  there  may  be  hut  little  appear- 
ance of  depression,  the  injection  being  followed  by  a  condition  of  excite- 
ment immediately — restlessness  and  tremors  with  increased  reflexes,  which 
eventually  lead  to  convulsions,  during  which  the  animal  generally  succumbs 
exactly  as  In  strychnine  poisoning.  The  pnlse  is  iMinsiderably  slower  after 
nareotine  injection  from  a  direct  action  of  the  drug  on  the  heart  Narcotine 
is  a  very  much  less  poisonous  body  than  either  morphine  or  codeine,  and 
very  large  quantities  have  been  administered  repeatedly  with  little  or  no 
narcotic  effect.  It  is  a  compound  of  hydrocotamine,  another  opinm  alkaloid, 
with  meconin.  Hydrocotarnine  apparently  acts  very  much  in  the  same  way 
as  narcotine,  but  produces  even  less  depression. 

Harc«lna  has  attained  a  certain  reputation  owing  to  the  statement  of  CI. 
Bernard  that  it  is  the  most  powerful  narcotic  of  all  the  opium  alkaloids. 
There  seems,  however,  to  be  no  doubt  that  the  preparation  he  used  was  very 
impure,  and  that  narceme  itself  has  little  or  no  action  of  any  kind.  It  is 
exceedingly  insoluble  in  water,  and  its  salts  are  broken  up  in  aqueous  solution, 
80  that  it  is  probably  absorbed  very  slowly  and  imperfectly. 
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Thabaiaa  seems  to  have  practically  no  depressant  action.  It  sometimes 
produces  some  heaviness  and  confusion  in  man,  bnt  thia  is  accompanied  by 
symptoms  exactly  resembling  those  described  under  Etrychnine,  and  it  may 
ttierefore  be  considered  as  belonging  to  the  latter  series  rather  than  to  that 
of  morphine;  it  is  very  much  less  active  than  strychnine,  however.  Thebaine 
seems  to  differ  from  morphine  also  in  its  effects  on  the  hovel,  for  Vamossy 
finds  that  it  increases  peristalsis  instead  of  allaying  the  irritability.  laftDcU- 
nine  seems  to  resemble  thebaine  very  closely  in  its  effects. 

The  other  alkaloids  occor  in  very  minute  qnantities  in  opium  and  posses 
no  great  interest  from  the  therapeutic  point  of  view.  Tery  little  has  been 
done  to  elucidate  their  pharmacological  action,  but  those  which  have  been 
examined  seem  to  produce  effects  resembling  those  of  the  better  known  mem- 
bers of  the  group.  In  frogs,  small  doses  of  Oryptoplne  and  Protopine  pro- 
duce a  narcotic  condition  similar  to  that  following  the  injection  of  morphine, 
bnt  the  reflex  irritability  does  not  show  the  same  exa^eration  afterwards; 
larger  quantities  cause  complete  paralysis  of  the  whole  central  nervous  sys- 
tem and  partial  paralysis  of  the  terminations  of  the  motor  nerves,  which 
gives  rise  to  irregolar  contractions  and  relaxations  of  the  muscles  when  the 
□erves  are  stimulated  (Hale).  In  mammals,  no  depression  oecure,  but  restless- 
ness and  eventually  convulsionB,  which  do  not  seem  to  be  of  spinal  origin  but 
rather  suggest  a  stimulation  of  the  cerebrum  and  midbrain.  The  heart  is  slow 
and  weak,  and  some  depression  of  the  vaso-motor  centres  is  caused  by  large 
quantities  of  the  poisons.  The  respiration  does  not  seem  to  be  depressed,  but 
rather  to  be  accelerated,  save  by  the  largest  doses.  They  paralyze  the  l«rmi- 
nations  of  the  sensory  nerves  on  local  application  in  the  same  way  as  will  be 
described  under  cocaine.  The  action  of  these  two  alkaloids  on  the  heart 
would  seem  to  be  further  developments  of  the  heart  action  noted  after  narco- 
tine  and  papaverine. 

The  alkaloids  of  opium  form  a  series,  of  which  morphine  is  one, 
th^aine  the  other  extremity.  In  morphine  the  narcotic  action  is  the 
moat  striking  feature,  but  as  the  successive  members  are  taken  up, 
this  effect  becomes  less  marked  than  the  reflex  stimulation,  until  in 
thebaine  practically  no  depression  can  be  made  out,  and  the  symptoms 
resemble  those  of  strychnine  exactly.  Some  of  these  alkaloids,  how- 
ever, differ  in  type  somewhat  from  both  morphine  and  thebaine,  be- 
cause the  brain  itself  seems  the  seat  of  stimulation,  and  the  convulsions 
partake  more  of  the  character  of  those  produced  by  picrotoxin  than  of 
those  of  strychnine.  Morphine  itself  possesses  this  action  in  the  cat, 
BO  that  these  alkaloids  do  not  in  reality  depart  from  the  general  type 
so  completely  as  might  at  first  appear.  The  more  important  memb^ 
of  the  group  may,  therefore,  be  arranged  in  the  following  order,  the 
most  depressant  standing  first  and  the  most  stimulant  last : 

Morphine. 

Papaverine. 

Codeine. 

Narcotine. 

Thebaine. 

(Strychnine). 
In  man  morphine  is  much  the  most  dangerous  of  the  opium  alka- 
loids, because  death  is  produced  in  the  narcotic  stage  through  asphyxia. 
In  most  animals,  however,  thebaine,  codeine  and  laudanine  are  more 
toxic,  because  the  failure  of  the  respiration  does  not  occur  in  the  stage 
of  depression,  but  during  the  convulsions. 
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Opinm  itself  contains  besides  the  alkaloids  already  discussed,  various 
acids  with  which  they  are  in  combinatioa,  meconie,  lactic  and  sul- 
phuric acid,  but  none  of  these  possess  any  action  of  importance. 
Along  with  these  are  found  gums,  sugars,  albumins,  wax  and  the  other 
common  constituents  of  plant  juices,  but  these  merely  tend  to  delay 
the  absorption  of  the  active  constituents,  and  cannot  be  said  to  play 
any  part  in  the  efFects  of  opium.  Of  the  alkaloids,  morphine  is 
present  in  greatest  abundance,  and  is  also  the  most  powerful  in  its 
efEecte.  The  action  of  opium  is  practically  identical  with  that  of 
morphine,  the  other  alkaloids  only  slightly  reinforcing  the  action  of 
the  latter.  Opium  acts  more  slowly  than  morphine,  and  seema  to 
produce  more  marked  effect  on  the  intestine,  in  which  the  mixture  of 
minor  alkaloids  has  also  some  constipating  effect.  It  is  also  said  to 
cause  less  nausea,  although  this  is  disputed. 
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Opidu,  the  dried  milky  exudation  obtained  by  incising  the  unripe  cap- 
sules  of  Papaver  somnifemm,  yields  wben  moist  not  less  than  9  per  cMit.  of  ,  |*j 
cg^tallized  morphine.    Dose,  0.1  G.  (11^  grs.),     — — ^^-^-^— — _—  'Vt^^ 

*  Oph  PnLVis,  dried  and  powdered  opitun,  yieldinR  12  j^r  cent,  of  crystal-  '^ 

lued  morphine.    Dose,  0.02-0.1  G.  (h-IVz  grs-). 

4  Opium  Deodoratvm,  opium  deprived  of  Its  odorous  principles  and  of  any 
other  bodies  aolnble  in  beuzin ;  it  contains  18  per  cent,  of  morphine.  Dose, 
0.02-01  G.  (h-lVi  gra.). 

^/Opium  Granutalum,  a  coarse  powder  containing  12  per  cent,  of  morphine. 
Dose,  0.02-OJ.  Q.  (i-lVa  grs.). 

*"  EzTBAcntJM  Opu,  the  dried  aqueous  extract,  contains  20  per  cent,  of  mor- 
phine.   Dose,  0.015-0.06  G.  (%-l  gr,). 

The  following  preparations  contain  10  per  cent,  of  opium  or  from  1.2  to 
1  ftyr"""  '""*    "*'  Tn"T'''"" 
vTisaruRA.  Opu  (Laudanum  1.    Dose,  0.3-1  c.e.  (5-15  mine.).  ft-^-ICt 

Tinetura  Opii  DeoSoraTt.     Dose,  0.3-1  o.e,  (5-15  mine.). 

Vinum  Opii,  flavored  with  cinnamon  and  cloves.     Dose,  0.3-1  c.e.  (5-15 
mins.). 

Aeetum  Opii  (Black  Drop)  is  formed  by  extracting  opium  powder  with 
dilute  acetic  acid.     Dose,  0.3-1  c.e.  (5-15  mins.). 

£jji,v[g  lprr.AC!fiiiin^.  vfr  Ctfj^   fP^^ypi-'R  Pftwjiorl ,  10  per  Cent,  each  of 
opium  anH  "pecac  powders.    Dose,  0.3-1  G.  (5-15  grs.).  OS  —f^ 

Tinetura  Ipecaeuanhee  et  Opii.     Dose,  0.3-1  cc  (5-15  mins.). 

Other  preparations  of  opium  generally  weaker  than  the  foregoing  are: 

PiLui,^  Opn,  each  contains  0.065  G.  (1  gr.)  of  opium  powder  or  0.009  Q. 
{}  gr.)  of  morphine. 

Trochitd  Glycyrrhizte  et  Opii,  each  eontaine  0.005  G.  (^^  gr.)  of  opium. 

"•ptcrnRA  Opn  C!*MPTinH:^f|^    ^Parcforic)  contains  four  part"  fff  npinp 
along  with  J)enwi'i«  pftm.  camphor,  oil  of  anise  and  ^yeerin. 


"Fffn™*""!  "'""f  witn  Aftnznin  pftiri^  campbor.  oil  of  amse  and  glycerm.  ,  .„ 

,  4r-15  cc.  (1-4  fl.  dre.)   for  an  adult,  oi-1  c.e.   (b-i6  dropsTfor  a      y-'i"*^ 

child.  \  yi  tO/^-Jt,. 

Miatura  Ghftufrrhita:  nnmnniiff^   fRrown   MiTtiip^^   js  formed  from  liqno- 
npe..ByTUP.jcacia,  wine  of  ^timonv.  sntrita  of  nitrons  ether  and  eampbtroled 
^nf^»  jJ nj....t.Y^.T^  ^»^t-;»^  »«ij.  ^t.„..t  1  p — ^  ^f  ^pnin  i^  -ffffff;    Dose, 
See.  (2fl.drB.). 
AlkcOoida: 

JC„H,^0,-f  H,0),  colorless  crystals  without  odor  but  with  a 
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OBGAKIC  BUBSTANCBB  ACTING  AFTBB  AB80BPTI0N. 
,  practically  maolubla  in  waf,ftr  and  only  sHs^tly  soluble  in  aleo- 

MorphituB  Aeetas. 

Of  these  salts  the  hydrocUorate  and  salpbate  are  the  most  important,  as 
the  acetate  tends  to  decompose  on  keeping.  The  hydroehlorate  and  eulphate 
are  solabl"  }j\  ">""'<-  91-9^  pnrtB  nf  wfcr,  less  SO  tn  slentisl:  'iney  form 
whiter Bil^  crystals  with  a  bitter  taste.     Dose,  0.005-0.03  G.  (rV-44  gJ"-)- 

Pulnu  Morphince  Compositue  (Tully's  Powder)  is  a  mixture  of  liquorice 
powder,  camphor  and  morphine  snlphate,  in  which  the  latter  is  contained  to 
the  amount  of  1^  per  cent.     Dose,  0.3-1  G,  (5-15  grs,). 

CoDsiHA-(C„H„NO,  -f-  H,0),  white  or  nearly  transparent  cryetak  with  a 
ilP*'T  'IIUT  t*"^"!  'Jflnble  in  fiO  nartji  o(  ymtrtr  and  in  1.6  parts  of  alcohoL 
Dose,  0.015-0.6  G.  (Vt-i  gT). 

if  ,.  CddeDT^  PHOBPgAiL  y  U^ 

'    •  Codbik,bBulph48.       < 

These  salts  of  codeine  form  white  needle-shaped  crystals  with  a  bitter  taste. 
The  phosphate  is  soluble  in  abont  2  parts  of  water,  the  sulphate  in  30  parta. 
Dose,  0.03  a.  IVz  gr.). 

B.  P,  PsBPARATIONa. 

OPitTU,  the  juice  obtained  by  incinon  from  the  nnripe  eapsnles  of  Fapaver 
Bomniferum,  inspissated  by  spontaneous  evaporation.  When  dried  it  con- 
tains 9^-10*4  per  cent,  of  anhydrous  morphine,  and  it  is  therefore  weaker 
than  the  corresponding  preparation  of  the  U.  S.  P.     Dose,  ij^-2  grs.  - 

EXTiUCTiTU  Opii  contains  20  per  cent,  of  morphine.     Dose,  %-l  gr. 

TlHCTOBA  Ofii,  Laudanum,  contains  %  per  cent,  of  morphine,  or  about  1 
gr.  of  opium  in  15  mins.  Dose,  5-15  mins.  for  repeated  administration; 
for  a  single  administration  20-30  mins. 

Ttnetura  Opii  Ammoniata  is  formed  of  landannm,  benzoic  acid,  oil  of  anise 
and  ammonia.  It  contains  about  n  per  cent,  of  morphine  or  nearly  5  grs.  of 
opium  in  the  fluid  oz.     Dose,  '/2-1  A-  dr. 

TiNC?nm4  Cauphorje  Coitposita,  Paregoric  or  Paregoric  Elixir,  re- 
sembles the  foregoing  in  composition  except  that  camphor  is  substituted  for 
ammonia  and  that  the  landanum  is  reduced  so  that  only  one  part  of  mor- 
phine is  contained  in  2,000  of  paregoric  or  Vi  gr.  of  opium  in  each  fl.  dr. 
Dose,  1^1  fl.  dr. 

Pulvis  Opii  ComposituB  contains  10  per  cent,  of  opiam  along  with  pepper, 
ginger,  caraway  and  tragacontb.     Dose,  2-10  grs. 

PtjLvis  Ipecacuanha  CoMPoarros,  Dover's  Powder,  contains  10  per  cent, 
each  of  opium  and  ipecacuanha  in  powder.    Dose,  5-15  grs. 

PuLVia  Kino  Compohitoh  contains  5  per  cent,  of  opinm  along  with  kino 
and  cinnamon.     Dose,  6-20  grs. 

Pdlvis  Cret.^  Abomaticus  cum  Opio  contains  2^  per  cent,  of  opinm 
along  with  aromatic  chalk  powder.     Dose,  10-40  grs. 

PiLTjLA  Pltimbi  CDM  Opio  contains  12Vi  per  cent,  of  opinm  along  with 
lead  acetate.    Dose,  2-4  grs. 

PiLUi^  Saponis  CoHFQsrrA,  contains  20  per  cent,  of  opium.  Dose,  2-4 
grs. 

Ptiula  IpecaewMtha  cum  SciOa  is  formed  from  Dover's  powder  and  squills, 
and  contains  abont  5  per  cent,  of  opinm.    Dose,  4-R  grs. 

Sdppositoria  Pluubi  Comfosffa,  each  contains  3  grs.  of  lead  acetate 
and  1  gr.  of  opium. 

HorphintB  Acetas  {C,^^0„CrH.0,3H,0},  a  white  crystalline  or  amor- 
phons  powder  almost  entirely  soluble  in  2^  parts  of  water  and  in  100  of 
alcohol,  Vff^z  gr. 
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MoEPHmai  Htohochloridou  (C„H^0^C1^H,0),  adonlar  priamB  of 
a  silky  lustre,  soluble  in  24  parts  of  cold  water,  one  part  of  boiling  water,  or 
50  of  aleohol.    Dose  W^/z  gr. 

Morphina  Tartrat  {(C^^0,),C.H,0„3H,0),  a  white  powder  cjonBiBting 
of  fine  nodular  tufts  of  acicalar  crystals,  soluble  in  11  parts  of  cold  water, 
insoluble  in  alcohol.     Dose,  Vs^z  gr. 

LiQtJOK  MoRPHiN,*  HTDEOCHUiaiDi,  1  par  cent.,  10-60  mina. 

I»jwmo  MOBPHDf^  Hypoderkica  contmns  5  per  cent,  of  the  tartrate. 
Dose  by  subcutaneous  injection,  2-5  mina 

BtJPPOarroRiA  Morphine,  each  contains  ^  gr.  of  morphine  hydrochloride. 

Tkoohibcus  MORPHiKa:,  each  contains  -n  B^-  "f  morpliine  hydrochloride. 

TrocTiiioua  MorphiniB  et  Ipeeaowmhee,  each  contains  I'g  gr.  of  morphine 
hydrochloride  with  in  gr.  of  ipecacuanha  root. 

TinetuTa  Chloroformi  et  Morphine  Compotita  corresponds  to  the  patented 
ehlorodyne  and  contuns  1  per  cent,  of  morphine  hydrochloride,  along  with 
chloroform,  prusae  acid,  capsicum,  cannabis  indica,  oil  of  peppenniDt  and 
glycerin.    Dose,  5-15  mina. 

CoDtsaiM  Phosphas  ((C„H„(CH,)N0„HJP0.)^H,0),  white  crystals 
with  a  slightly  bitter  taste,  solohle  in  4  parts  of  water,  mnch  less  solnble  in 
alcohol.    Doae,  ^-2  grs. 

Strdfus  CooEm^  one  floid  drachm  contains  Yt  gr.  of  codeine  phosphate. 
Dose,  %-2  fl.  dra. 

Therapentlc  Vam^ — Opium  is  one  of  the  most  important  and  moat 
extensively  used  drugs  in  the  pharmacopceiaa  at  the  present  day  as 
in  the  past  Of  late  years  the  crude  drug  has  been  largely  replaced 
by  morphine,  hut  the  action  is  the  same,  and  although  morphine  is 
preferable  in  most  cases,  opium  is  still  specially  indicated  for  certain 
purposes.  In  almost  any  disease,  conditions  which  are  favorably 
influenced  by  morphine  may  present  themselves,  and  these  conditions 
alone  can  be  discussed  here. 

Patau — As  has  been  repeatedly  mentioned,  opium  or  morphine  has 
8  special  analgesic  action  whidi  is  not  shared  by  its  modem  rivals 
of  the  methane  series,  and  which  justifies  the  celebrated  dictum  of 
Sydenham  that  without  opium  few  would  he  callous  enough  to  practise 
therapeutics.  The  ^neral  statement  may  suffice  that  severe  pain 
indicates  opium.  Even  where  the  disease  itself  is  one  which  would 
in  ordinary  circumstances  contraindicate  it,  it  must  be  always  taken 
into  consideration  whether  the  relief  of  the  pain  and  its  attendant 
restlessness  may  not  counterbalance  the  disadvantages  of  the  narcotic. 
At  the  same  time  the  danger  of  inducing  the  craving  for  morphine 
cannot  be  forgotten,  for  the  use  of  morphine  to  subdue  pain  is  perhaps 
the  most  fruitful  cause  of  the  habit.  It  is  often  found  that  compara- 
"  tively  small  quantities  of  opium  are  sufficient  to  remove  or  at  any  rate 
to  dull  pain,  but  after  repeated  doses  the  quantity  has  to  be  increased 
owing  to  tolerance  being  attained.  Some  forms  of  pain  are  relieved 
by  the  members  of  the  antipyrine  series,  but  these  are  less  certain 
and  more  limited  in  their  action  than  morphine.  On  the  other  hand  | 
the  antipyretics  often  relieve  pain  without  inducing  sleep,  and  in  this 
poesees  a  great  advantage  over  opium  in  the  treatment  of  headache, 
nenralf^a  and  similar  conditions. 
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SlfleplwaneBa. — Opium  was  formerly  the  only  drug  used  to  induce 
sleep,  but  since  the  discovery  of  chloral  and  its  congeners  it  is  used 
less  frequently.  These  fail  entirely  to  replace  it,  however,  where  the 
IsleeplesstieBa  is  due  to  pain,  while,  on  the  other  hand,  they  are  more 
lefficacioua  in  some  conditions  of  excitement.  Kot  infrequently  opium 
jflnd  chloral  are  prescribed  together  for  this  purpose,  and  the  combi- 
Ination  acts  more  efficiently  than  either  of  the  drugs  alone.  Each  is, 
lof  course,  prescribed  in  considerably  smaller  amount  than  if  adminis- 
tered separately.  Opium  jq  Ipi^  pfP"it"t  t^p"  "hlirp^  •q'^'pTi  t>ifr«  jg 
apparently  an  incrp"'"^  nf^"''tY  "-f  *>>"  mrAnr  f.iT.Mjf)nfl  ^f  the.brain, 
as  in  wild  dfilirJTTri  a-nA  mgnin^  and  sometimes  seems  to  increase  the 
excitement  even,  but  this  general  statement  is  subject  to  numerous 
exceptions,  and  morphine  is  still  largely  used  in  many  such  disorders. 
In  the  true  convulsive  diseases,  such  as  tetanus,  epilepsy  and  chorea, 
chloral  is  preferable.  The  beneficial  effect  of  morphine  in  many  acute 
febrile  conditions  is  undeniable,  and,  as  in  the  case  of  alcohol,  is  due 
to  its  lessening  the  pain  and  discomfort  of  the  patient  and  inducing 
rest  A  good  deal  of  difference  of  opinion  exists  as  to  the  advisability 
of  administering  opium  or  morphine  in  these  conditions,  and  there  is 
no  question  that  the  routine  treatment  of  fever  by  narcotics  is  to  be 
deprecated;  but  on  the  other  hand,  Uie  restlessness  and  discomfort 
may  in  it«elf  aggravate  the  disease,  and  morphine  is  distinctly  indi- 
cated under  these  circumstances. 

The  preparatitms  chiefly  used  to  relieve  pain  and  promote  sleep  are 

I  the  extracts,  laudanum,  opium  pill,  or  compound  soap  pill,  and  the 
morphine  salts  and  their  solutions,  including  the  hypodermic  injection. 
In  Bespiiatory  Disorders  opium  and  morphine  are  largely  used  for 
their  effects  on  the  centre.  Where  it  is  desirable  to  lessen  its  irrita- 
bility, as,  for  example,  in  excessive  cough  and  dyspnoea,  opium  may 
be  indicated.  On  the  other  hand,  when  there  is  s  profuse  expectora- 
tion, the  irritability  of  the  centre  cannot  be  lowered  without  danger, 
and  opium  is  contraindicated.  Opium  gives  relief  in  cases  of  asthma, 
but  there  is  always  danger  of  inducing  3i6  habit. 

!  Opium  is  oft^i  combined  with  expectorants,  in  the  treatment  of 
cough,  and  a  large  number  of  suitable  preparations  are  provided  in 
the  pharmacopoeias,  such  as  paregoric-  T)ij)ver'8  powder  and  other 
prep arations  containing  ipecacuanha.  ii(|i<ni-i>»nTn:Tti]]-p  hip  j«ninpnn nd 
mbrbBlBe  powder  { U.  ij.  P. ),  the  ammoniated  tincture,  the  compound 
tincture  of  chloroform  and  morphine,  the  pills  of  ipecacuanha  and 
squill  (B.  P.) ,  the  lozenges  and  the  codeine  preparations.  The  object 
of  combining  expectorant  wItV  ^pi'nw  ia  tft-allav  excessive  coughing; 


the  opiunTteduces  the  aicitability  of  the  centre,  while  the  expectoiFMit 
jaus^a  fl  BtwreiMll  oruimiUB  In  iJlfi  fgSTrtHtorv  passaeee  and  thnsprb- 
^tects  the  iffltaibd  mucuuo  Thembrane.  JThe  combination  is  indicated 
.only  in' dry  (iOUjtH  ftith  little  expectoration,  and  when  tnere  is  abnn- 
'dant  sputum ToTie'r^ffi6Ved  by  coughing  the  treatment_™§JLbe  harm- 
ful. Codeine  is  often  pp-fPTrftirtn  "-"^t^*^-""  ■"  ^^^"^  "°""|  t™.di.M 
it  reduces  the  excitability  of  the  respiratory  centre  with  less  marked 
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oerebral  depreaaion.     This  is  also  true  oi  Tne  sew  «tificid  alkalmas^  / 

lieroine  and  dionine,  which  have  enjoyed  8ome  popular  reputation  in 
late  years.  Impartial  investigators  of  these  drugs  have  generally 
failed  to  obtain  bett«r  results  from  them  than  from  codeine  and  mor- 
phine, and  they  are  in  no  respect  superior  to  the  older  and  unpatented 
alkaloids. 

In  Paritonltli  and  Intwttnal  Disordars  opium  is  indicated  doubly; 
first,  for  ite  general  action  in  allaying  pain  and  restlessnees ;  and 
secondly,  for  its  special  action  in  lessening  the  movement  of  the  intes- 
tine. Opium  is  preferable  to  morphine  for  these  purposes  because  it 
lies  longer  in  the  bowel,  and  therefore  evolves  a  stronger  action  there 
than  on  the  rest  of  the  economy,  and  also  because  the  minor  alkaloids 
have  some  constipating  effect.  In  colic,  especially  lead  colic,  it  often 
relieves  the  pain  without  increasing  the  constipation  and  seems  to  allay 
the  spasm  of  the  bowel  without  stopping  entirely  its  peristalsis.  In 
diarrhcea  opium  may  be  given  to  check  the  excessive  peristalsis,  though 
in  the  severer  forms  of  dysentery  it  generally  fails  to  have  this  effect, 
and  in  septic  purging  is  rather  to  be  avoided.  In  perforfttion  and 
heroorrbflifBfrfTfi  i>i»>iA^pnI,  (ipjiun  is  the  moat  efficient  ol  all  remeflies, 
as  it  allows  adhesions  or  clots  to  be  fon^Rd  by  (■bw^^jing  mf^vpmpptjt  nf 
tne  inieHJine,  which  would  provoke  further  leakage. 

'ine  Jj.  J:*,  otters  a  number  of  preparations  specially  designed  for 
use  in  intestinal  disorders  and  especially  in  diarrhoea,  such  as  the  com- 
pound kino  powder,  the  compound  chdk  powder,  the  lead  and  opium 
pill,  and  the  compound  lead  suppository  and  morphine  suppository. 
Instead  of  these  the  tincture,  extract  or  other  simple  preparation  may> 
of  course,  be  used. 

In  EMaotrtaagei  where  the  bleeding  point  cannot  be  reached,  opium 
or  morphine  is  most  valuable.  This  is  not  from  any  direct  effect  on 
the  vessels  or  blood,  but  because  it  allays  the  restlessness  which  follows 
the  loss  of  laige  quantities  of  blood  and  thus  allows  the  blood  to  dot 
in  the  ruptured  vessel.  The  same  preparations  are  suitable  hero  as 
for  pain. 

In  Vomiting  morphine  is  sometimes  used  in  small  quantities,  but  it 
seems  doubtful  whether  with  any  benefit. 

Morphine  is  not  infrequently  given  as  a  preliminary  to  general 
anteethesia  in  nervous  patients  (i  gr.),  and  in  recent  years  operations 
have  often  been  performed  under  morphine  and  hyoscine  (scopola- 
mine) alone.  For  this  purpose  i  gr.  (10  mgs.)  of  morphine  and  about 
%oo  gr.  (0.3  mg.)  of  hyoscine  are  injected  an  hour  and  a  half  before 
the  operation  and  again  half  an  hour  before  it.  The  aneesthesia 
induced  is  often  sufficient,  and,  if  necessary,  a  few  drops  of  ether  or 
chloroform  may  be  inhaled  to  complete  it. 

Opium  has  been  used  instead  of  quinine  in  ICalarla,  and  though  it 
cannot  be  said  to  replace  the  latter,  has  a  distinct  effect  in  some  cases 
apparently.  Of  course,  symptoms  may  arise  in  malaria  as  in  other 
diseases  in  which  opium  is  specially  indicated,  but  apart  from  this, 
cases  of  malaria  of  old  standing  seem  to  be  benefited  by  opium  with 
or  without  quinine. 
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Opium  oa  morphme  fias  BometimeBbeen  used  in  DlibetM  wllA  good 
effects;  for  though  the  glycosuria  seldom  disappears  under  its  use, 
it  ia  lessened  in  some  cases  (Kaufmann).  Codeine  has  been  advised 
instead  of  morphine  in  this  disorder,  as  it  is  lees  likelj  to  cause  con- 
stipation and  gastric  disturbance. 

Lastly,  opium  is  used  as  a  Dlmboretlc  and  for  this  purpose  it  is 
generally  combined  with  ipecacuanha  and  prescribed  as  Dover's  pow- 
der. Although  in  itself  it  has  little  or  no  diaphoretic  action,  opium 
may  augment  the  effects  of  ipecacuanha  through  dilating  the  skin 
vessels.  Opium  and  its  alkaloids  have  no  effect  applied  to  the  skin, 
and  the  plasters,  ointments  and  other  similar  preparations  are  quite 
superfluous. 

•  Codeine  is  much  less  often  used  than  morphine  in  therapeutics.  It 
/is  of  comparatively  little  value  in  allaying  pain  or  excitement,  but 
I  has  been  found  of  benefit  in  the  sleeplessness  of  melancholia.  It  is 
I  used  not  infrequently  as  a  sedative  in  cough,  and,  as  has  been  stated, 
f  in  diabetes.  There  is  less  liability  to  the  formation  of  the  codeine 
habit,  and  it  has  been  9U^;eated  as  a  substitute  for  morphine  in  moi^ 
\phinomania,  but  has  not  proved  efficient  in  this  condition. 

Opium  and  morphine  are  contraindicated  in  very  young  children, 
in  whom  even  minute  quantities  oft^i  produce  the  most  alarming 
symptoms  of  poisoning.  Even  one  drop  of  laudanum  is  said  to  have 
been  fatal  to  a  child  under  one  year  of  age.  In  great  weakness, 
especially  in  cases  where  the  respiration  is  barely  sufficient  to  aerate 
the  blood,  or  where  profuse  expectoration  is  present,  morphine  has  to 
be  administered  with  the  greatest  care.  In  cerebral  congestion  and 
meningitis  the  opiates  are  generally  contraindicated.  It  must  be 
remembered  also  that  both  opium  and  morphine  are  liable  to  disturb 
the  digestion  and  to  cause  nausea  and  want  of  appetite,  and  that  these 
may  prevent  their  use  in  cases  in  which  they  would  otherwise  be 
suitable.  In  some  persons  opium  invariably  causes  nausea  and  vomit- 
ing, either  soon  after  its  administration  or  while  its  effects  are  passing 
off.  For  this  idiosyncrasy  morphine  may  be  substituted  for  opium, 
although  this  is  often  equally  nauseating,  or  chloral  and  bromides  may 
be  prescribed  with  opium  to  prevent  the  unpleasant  after-effects.  Not 
infrequently,  however,  opium  has  to  be  avoided  entirdy.  In  all 
chronic  painful  diseases  opium  or  morphine  has  to  be  given  guardedly, 
on  account  of  the  risk  of  the  formation  of  the  opium  habit ;  the  patient 
ought  to  be  kept  in  ignorance  of  the  drug  used  as  far  as  possible,  and 
it  ^ould  be  alternated  with  others.  Of  course,  in  cases  of  incurable, 
hopeless  disease,  where  life  can  only  last  a  comparatively  short  time 
and  is  attended  by  severe  suffering,  this  objection  does  not  hold,  and 
it  may  be  necessary  to  administer  morphine  without  stint  and  in  ever- 
increasing  quantity. 

Morphine  and  opium  are  often  said  to  be  contraindicated  in  Bright'a 
disease  of  the  kidney.  This  seems  to  be  due  to  the  belief  that  mor- 
phiue  is  excreted  in  the  urine,  which  has  now  been  shown  to  be  erro- 
neous.    There  seems  no  reason  to  believe  that  morphine  is  harmful 
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in  these  conditions,  and  in  some  forms  of  ureemia  it  has  even  been  of 
considerable  benefit. 

Acute  FoiMnlns  with  morphine  or  opiam  is  one  of  the  commonest 
forms  of  intoxication,  with  the  exception  of  the  alcoholic.  It  is  often 
difficult  to  diagnose  from  other  forms  of  unconsciousness,  but  the 
estreme  contraction  of  the  pupils  gives  a  due,  as  a  general  rule,  and  if 
opium  has  been  used,  the  breath  often  has  the  characteristic  odor. 

The  treatment  is  immediate  evacuation  of  the  stomach,  whether  the 
drug  has  been  taken  by  the  mouth  or  not,  as  even  when  injected  hypo- 
dermically  it  is  excreted  into  the  stomach  and  may  be  reabsorbed. 
Emetics  may  be  employed  for  this  purpose,  but  often  fail  of  effect 
owing  to  the  depression  of  the  medullary  centres,  bo  that  where  possible 
a  stomach  tube  ought  to  be  used  in  preference.  The  stomach  should 
he .  tbormighly  ^^a^bi^  mit  at  intervals,  in  order'  to  remove  every 
trace  of  the  drug  as  it  is  excreted.  As  ttie  respiration  begins  to  fai^ 
it  IB  to  be  encouraged  by  irritation  of  the  skin,  either  by  dashing  cold 
water  (m  it,  by  the  electric  current,  or  by  flipping  it  with  towels. 
The  violent  flagellation  formerly  advocated  wiUi  the  view  of  encour- 
aging the  respiration,  served  also  usually  to  exhaust  the  nervous  energy 
both  of  patient  and  attendant.  When  these  means  fail  to  keep  up 
the  natural  breathing,  it  is  necessary  to  resort  to  artificial  respiration, 
either  electrical  or  mechanical,  and  this  onght  to  be  continued  as  long 
as  the  heart  continues  to  beat.  Enormous  doses  of  morphine  and 
opium  have  been  recovered  from  under  this  treatment.  Numerous 
drugs  have  been  advocated  in  acute  morphine  poisoning,  and  of  these 
cafFeine  administered  either  hypodermically  or  in  the  form  of  strong 
coffee  by  the  stomach  seems  the  most  satisfactory.  A  long  controversy 
has  been  carried  on  as  to  whether  atropine  is  to  be  considered  an 
antidote  to  morphine  and  used  in  these  cases.  It  is  a  stimulant  to  the  I 
medullary  centres,  and  may,  therefore,  be  used  in  small  quantities;  | 
but  large  quantities,  such  as  have  been  advised  by  some  authorities,  I 
are  undoubtedly  harmful,  as  atropine  itself  paralyzes  the  respiration  1 
when  given  in  sufficient  amount.  Bashford  states  that  the  best  effects 
are  to  be  expected  from  about  1.5  mg.  {Yio  gr.)  of  atropine  and  that 
more  than  this  increases  the  danger  of  respiratory  failure.  In  dis- 
cussing this  question  too  great  weight  has  been  laid  on  the  results  of 
animal  experiment,  which  is  not  convincing  in  this  case,  as  the  effects 
of  morphine  are  so  different  in  man.  Caffeine  seems  certainly  more 
indicated  than  atropine,  for  it  is  scarcely  possible  to  paralyze  the 
respiratory  centre  with  the  former,  which  stimulates  it  equally  strongly. 
Alcohol  has  been  advised  also,  and  as  far  as  its  local  action  ia  con- 
cerned, it  may  increase  the  respiration,  but  its  direct  action  on  the 
respiratory  centre  is  similar  to  that  of  opium.  Of  late  years  perman- 
ganate of  potash  has  been  advised  in  case  of  morphine  poisoning, 
because  the  poison  is  oxidized  by  it.  A  certain  amount  of  poison  in 
the  stomach  may  be  destroyed  in  this  way,  but  the  portion  absorbed 
is  unaffected  by  the  permanganate,  and  the  method  is  less  efficacious 
than  the  prompt  and  repeated  use  of  the  stomach  tube.  The  hypo- 
dermic injection  of  permanganate  is,  of  conrse,  entirely  useleBs. 
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Ohnnic  Opimn  or  Horphine  FoiBoning  is  a  not  infrequent  condition, 
and,  unfortunatelj,  Beema  to  be  increasing  rapidly.  Among  Eastern 
nations,  e^teeially  in  China  and  India,  opium  is  smoked,  and  some  of 
the  morphine  is  carried  over  in  the  smoke  and  absorbed  from  the 

y^yiyatnry    t«ni^_     Ttiia    liotiit    in    -ni-o    ...      M...i-npoon     poi^plae      aioODg' 

whom  the  dmg  is  taken  by  the  mouth,  generally  in  the  form  of  lauda- 
num or  of  pills,  or  is  injected  hTpnrlaiiiiii  nil  i    mi  morphine  hydro- 


"^^"Tflt"  "T  iiiiphntri  —  Of  the  three  methods  the  first  seems  t{i  be  the 
least  harmful,  for  in  some  parts  of  China  the  majority  of  the  adult 
population  seems  to  indulge  in  it  without  the  serious  results  which  are 
met  with  in  the  Western  opium-eaters  and  morphinomaniacs.  This 
result  may  be  due  in  part  to  race,  or  to  the  fact  that  the  opium-smoker 
never  attains  to  the  immense  doses  taken  daily  in  the  cases  of  the  habit 
met  with  in  Europe  and  America.  In  the  beginning  the  quantity 
used  is  small,  but  as  tolerance  is  attained,  ever  larger  quantities  are 
required  to  produce  any  effect,  until,  as  De  Quincy  states  in  his 
"Confessions  of  an  Opium-eater,"  320  grains  of  opium  may  be 
required  to  stay  the  craving.  The  effects  are  generally  described  as 
stimulant,  but  it  seems  possible  that  they  consist  rather  in  depression 
of  the  sensibility,  by  which  the  unfortunate  patient  becomes  uncon- 
scious of  the  miseries  of  his  condition,  and  may  accordingly  be  able  to 
perform  his  duties  and  maintain  appearances  better  than  when  de- 
prived of  the  poison.  The  symptoms  of  the  opium  habit  are  exceed- 
ingly indefinite,  and  the  diagnosis  is  often  almost  impossible.  The 
statements  of  the  patient  ought  net  to  be  taken  into  consideration, 
because  these  unfortunates  seem  to  have  lost  all  idea  of  honor  and 
truthfulness.  As  a  general  rule  they  are  nervous,  weak  in  character 
and  wanting  in  energy,  and  utterly  unfit  for  work  unless  when  sup- 
plied with  the  drug.  The  pupils  are  often  contracted,  the  heart  some- 
times irregular,  and  tremors  and  unsteadiness  in  walking  may  be 
apparent.  The  appetite  is  bad  and  a  considerable  loss  in  weight 
occurs,  and  the  movements  of  the  bowels  are  irregular,  constipation 
alternating  with  diarrhcea.  Eventually  melancholia  and  dementia 
may  follow  the  prolonged  use  of  opium,  and  especially  of  morphine. 
Some  continue  the  habit  for  many  years,  however,  and  it  wotild  seem 
with  comparative  immunity.  If  morphine  is  injected  habitually,  evi- 
dence may  be  obtained  from  the  small  needle  marks  on  the  front  of 
the  body,  which  often  give  rise  to  multiple  abscesses  of  small  size  from 
carelessness  in  the  disinfection  of  the  syringe.  When  other  evidence 
fails,  it  may  be  necessary  to  give  a  moderate  dose  disguised  in  some 
unusual  way  and  to  observe  if  it  induces  sleep ;  in  habitual  users  the 
ordinary  dose  will  have  little  or  no  effect. 

The  treatment  of  chronic  morphine  poisoning  is  not  very  promising. 
The  will  and  self-control  would  seem  completely  paralyzed  in  many 
cases,  and  although  the  patient  wishes  to  be  fre^  from  his  enemy,  hie 
seems  utterly  unable  to  withstand  the  craving.  The  only  means  of 
treatment  which  promises  success  in  most  cases  is  the  strict  regimS  of 
an  asylum  or  retreat,  where  the  patient  is  kept  under  constant  supei^ 
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vision.  The  immediate  removal  of  the  drug  often  produces  such 
intense  misery  and  depression  as  to  seem  actufdly  dangeroas ;  but  the 
withdrawal  ought  not  to  be  too  gradual,  and  ought  to  be  complete 
after  two  or  three  weeks  at  the  most.  The  patient  has  to  be  watched 
carefully  for  long  after  he  has  apparently  recovered,  as  relapses  are 
exceedingly  common. 

The  morphine  habit  has  often  been  combated  by  the  substitution  of 
other  drugs,  such  as  cocaine,  but  the  restitt  generally  has  been  that  a 
new  and  even  more  dangerous  habit  has  been  substituted  for,  or  oftffli 
merely  grafted  on,  the  original.  Numerous  drugs  have  been  proposed 
for  the  cure  of  morphinomania,  but  none  of  them  seems  to  have  the 
slightest  effect. 
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Hinor  Dmga  of  the  Opium  Elarl«B. 
In  some  other  members  of  the  poppy  family  (Papaveracee),  alkaloids  are 
fomid  which  bear  a  close  resemblance  to  those  of  opium.  These  are  CheU- 
donine,  a-,  P-  and  t-'Homoehelidomne,  CheJerythrine  and  Sanguinarine ;  Proto- 
pine  is  also  found  in  a  number  of  other  papaveracen.  These  alkaloids  are 
met  with  in  very  small  quantities  in  various  plaute,  of  which  Sanguinaria 
Canadensis  (Bloodroot)  and  Chelidoninm  majus  (Celandine)  are  the  heat 
known. 
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Chelidomne  and  a-homoehelidonine  resemble  morphine  in  their  effects  on 
the  central  nervous  B^rstem,  but  have  even  lees  stimulant  effect.  In  the  frog  no 
BBoondary  increase  in  the  reflex  irritability  is  produced,  but  in  some  mam- 
mals a  ^igbt  stimulation  of  the  spinal  cord  may  be  caused.  They  have  the 
same  effect  as  protopine  and  cryptopine  on  the  nerve-ends  and  heart,  and  like 
them  produce  insensibility  of  the  skin  and  cornea  when  applied  locally 
through  paralyzing  the  tenninatione  of  the  sensory  nerves.  The  heart  is 
slowed,  partly  owing  to  stimulation  of  the  inhibitory  centres  in  the  medulla, 
and  partly  through  direct  action  on  the  cardiac  muscle. 

Sanguinarine  has  very  little  depressant  action,  but  causes  tetanus  and  wild 
excitement,  so  that  as  far  as  its  action  on  the  central  nervous  sjrstem  is  con- 
cerned, it  deserves  a  place  between  codeine  and  thebaine  of  the  morphine 
series.  It  possesses  the  same  peripheral  action  as  protopine,  however,  and 
the  heart  is  slowed  throngb  direct  affection  of  the  muscle.  Sanguinarine 
paralyzes  the  peripheral  sensory  endings  when  applied  locally,  bat  this 
paralyms  is  preceded  by  a  stage  of  irritation.  It  causes  violent  peristalsiB  of 
the  bowel,  and  increases  the  secretion  of  saliva. 

P-homochelidtmifU  resembles  protopine  and  cryptopine  closely  in  its  effects, 
causing  the  same  stimulation  of  the  lower  parts  of  the  brain  with  very  slight 
effects  on  the  intellectual  powers,  slowing  the  heart  through  its  muscular 
action  and  paralyzing  the  sensory  terminations. 

Chelerythrine  paralyzes  the  central  nervous  system  without  any  prelimi- 
nary increase  in  the  reflex  irritability,  possesses  the  peripheral  action  of  pro- 
topine and  cryptopine,  and  first  irritates  and  then  paralyzes  the  sensory 
terminations. 

None  of  these  alkaloids  have  been  used  in  therapeutics,  and  there  would 
seem  to  be  no  indication  for  them  that  is  not  as  well  met  by  opium  or 
morphine.  None  of  the  plants  containing  them  have  been  used  to  any  great 
extent,  although  Sanguinaria  Canadensis  was  formerly  occasionally  pre- 
scribed as  a  nauseating  expectorant  and  emetic.  The  "  sanguinarine "  of 
commerce  is  generally  a  mixture  of  the  alkaloids  with  other  constituents, 
and,  like  the  other  preparations  of  the  plant,  might  well  be  dispensed  with. 

IT.  S.  P.  Pbbfabationb. 
Bancninuift,  the  rhizome  of  Sanguinaria  Canadensis,  bloodroot,  collected 
in  antnmn. 

Tinctura  Saaguinana,  1  c.o.  (15  mina.). 
FiKidextraotun  Sanguinaria,  0.1  c.c.  (2  nuns.). 

BtBLIOORAFHT. 


Anhaloninm. — A  nnmber  of  alkaloids,  some  resembling  morphine,  others 
strychnine  in  their  effects  on  animals,  have  recently  been  isolated  from  dif- 
ferent members  of  the  Anhaloninm  genus  (Fam.  Cactacen).  In  Mexico,  and 
along  the  southern  boundary  of  the  United  States,  where  those  plants  are 
indigenous,  some  of  them  are  nsed  as  narcotics  in  the  religious  rites  of  the 
Indians  and  are  known  as  Pellote,  PeyotI,  or  Muscale  or  Mezcal  Buttons. 
The  symptoms  arise  for  the  most  part  from  the  cerebrum  and  differ  from 
those  of  opium  and  cannabis  indica  in  the  frequency  with  which  color  viuons 
are  indnced,  these  consisting  in  constantly  shifting  flashes  of  brilliant  tints. 
Kezcal  eating  does  not  induce  merriment  like  cannabis  nor  sleep  like  mor- 
phine bat  depression  of  some  functions  is  indicated  by  the  imperfect  coordi- 
nation of  the  movements,  the  retarded  perception  and  the  errors  in  the 
estimation  of  time.    The  exaltation  seems  to  be  caused  for  the  most  part  by 
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one  of  the  alkaloids,  mezcalme.  Yer;  large  doses  have  induced  unpleasant 
symptoms  throngh  depression  of  the  respiration.  Ashalonimn  and  pellotine, 
one  of  its  alkaloids,  have  been  used  as  narcotics  in  a  few  cases  of  insomnia. 

Lewin.     Arch,  f,  eip.  Path.  u.  Phann.,  niv.,  p.  401;   xxzir.,  p.  374. 

Eeffter.     Ibid.,  miv.,  p.  65;  xL,  p.  385, 

MogHevia.    Ibid.,  slix.,  p.  137. 

Frmtiu  and  Morgan.    Ued.  Beeord,  1896,  Aug.  22. 

Dke<m.    Jonrn.  of  Physiol.,  xiv.,  p.  69.  ! 

V.    E7DBA8TINE  AND   KTDEA.STINISE. 

Another  alkaloid  which  is  dosely  related  to  those  of  opium  chem- 
ically  and  pharmacologically,  is  MydrasHne,  which  occurs  in  the  Hy- 
drastis Canadensis  (Golden  Seal)  ^oug  with  £er&enne  and  Canadine. 

Hydrastine  (G„II„NO,),  when  exposed  to  oxidizing  agents  such  as  potaa- 
sinm  permanganate,  is  decomposed  into  opianio  acid  and  HydroBtinme 
(CuHJJO,),  another  alkaloid.  Narcotine  {C^„NO,),  the  opinm  alkaloid, 
undergoes  a  similar  decomposition  into  opianic  acid  and  Cotamine 
(C„H||N0,).  Hydrastine  and  narcotine  differ  only  in  a  hydrogen  atom  of 
the  former  being  substitnted  by  —  OCH,  in  the  latter,  and  a  similar  relation 
ezista  between  hydrastinine  and  cotamine.  All  four  are  derivatives  of  iso- 
qninoline.  The  action  of  hydrastis  is  similar  to  that  of  hydrastine,  the  ber- 
berine  and  eanadine  having  little  effect;  the  latter  is  as  poisonous  as  hydras- 
tine, bnt  is  present  only  in  very  small  quantities  in  the  plant. 

AcUml — Hydrastine  causes  in  frogs  an  increwe  in  the  reflex  irrita- 
bility and  eventually  tetanus  exactly  resembling  that  produced  by 
strychnine,  and  like  it  terminating  finally  in  paralysis.  The  heart 
is  rendered  slow  and  weak,  partly  by  the  central  stimulation  of  the 
inhibitory  apparatus  and  partly  hy  direct  action  on  the  mnscle  flbr^. 

In  mammals  the  pulse  is  slowed  by  comparatively  small  quantities, 
while  somewhat  lar^r  doses  cause  general  feebleness,  tremor,  dysp- 
noea, and  incoordination  in  the  movements.  Very  large  quantities 
elicit  clonic  and  then  tonic  conTulsions  and  tetanus,  during  which  the 
respiration  ceases.  The  pulse  is  slowed  at  first  from  stimulation  of 
the  vagus  centre,  is  afterwards  quickened  from  its  paralysis,  and  stiU 
later  becomes  slow  again  from  direct  action  on  the  cardiac  muscle. 
The  blood-pressure  rises  from  constriction  of  the  arterioles  but  after- 
wards falls,  partly  from  their  dilatation  and  partly  from  the  weakness 
of  the  heart;  the  constriction  of  the  arterioles  is  due  to  stimulation  of 
the  vasomotor  centre  in  the  medulla.  Hydrastine  injected  intrave- 
nously arouses  the  utems  to  contractions,  which  are  sometimes  rhytlh 
mic  in  character,  but  sometimes  assume  a  prolonged  tetanic  form. 
This  also  occurs  in  the  excised  organ,  ao  that  the  alkaloid  must  act 
directly  on  it  and  not  through  the  central  nervous  system. 

Hydrastine  is  excreted  as  such  in  the  urine.  "When  it  is  admin- 
istered for  some  time,  a  cumulative  action  is  said  to  be  developed. 

Cuadlne  in  small  quantities  prodnces  depression  and  drowdness  followed 
by  complete  recovery  without  further  symptoms.  In  larger  quantities  v. 
Bongs  found  that  it  caused  a  short  stage  of  excitement,  which  was  followed 
by  depression  and  paralysis  of  the  central  nervous  system.    It  has  little  or 
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no  effects  on  the  mammalian  circulation  when  administered  in  ordinal? 
dosee,  but  vei?  large  quantities  canee  weakness  and  arrhythmia  of  the  heart. 
Its  injection  is  foUoved  by  violent  peristalsis  of  the  intestine  and  diarrheea. 
Canadine  is  present  in  only  very  small  quantity  in  the  Golden  Seal  and  has 
apparently  little  importance  in  therapeatics. 

Eydrutinine,  an  artificial  alkaloid  formed  from  hydrastine,  has  of 
late  years  attracted  a  certain  amount  of  attention  from  its  alleged  power 
of  arresting  hemorrhage.  It  seems  to  differ  from  bydrastine  in  cans- 
iug  no  marked  disturbance  of  the  centres  of  motion  and  feeling  save 
in  enormous  doses,  which  paralyze  the  nervous  system,  and,  in  the 
frog,  the  terminations  of  the  motor  nerves  in  muscle  (Santeeson).  On 
the  other  hand,  its  action  on  the  medulla  oblongata  resembles  that  of 
the  parent  substance.  The  heart  ia  slowed  somewhat  by  small  doses, 
apparently  from  stimulation  of  the  vagua  centre,  and  the  arterial  ten- 
sion risea  further  than  after  hydrastine.  Unlike  the  latter,  however, 
hydrastinine  causes  a  very  prolonged  augmentation  of  the  blood- 
pressure,  because  it  does  not  tend  to  depress  the  heart  to  the  same 
extent  as  hydrastine.  In  fact,  several  authors  believe  that  it  increases 
the  efficiency  of  the  heart  movements  from  action  on  the  muscle, 
although  the  pulse  may  be  somewhat  slowed  by  stimulation  of  the 
inhibitory  centre.  After  very  large  quantities,  the  pulse  is  often 
extremely  rapid  from  paralysis  of  the  inhibitory  centre. 

The  cause  of  the  increased  arterial  tension  is  still  undecided. 
There  seems  to  be  undoubted  stimulation  of  the  vasomotor  centre,  but 
according  to  some  writers,  the  peripheral  vessels  are  contracted  by 
direct  action  on  the  walls  as  well.  This  statement  seems  open  to 
question,  however,  none  of  the  experiments  on  which  it  is  founded 
being  altogether  satisfactory.  Hydrastinine  produces  rhythmical  cou- 
tractipn  of  the  uterus,  and  even  abortion  in  animals ;  as  this  occurs  in 
the  excised  uterus,  the  action  appears  to  be  directly  on  the  organ  itself 
and  not  through  the  central  nervoiis  system.  The  uterine  vessels 
undei^  constriction  like  those  of  the  rest  of  the  body,  and  this  may 
stop  hemorrhage. 

Archangelsky  states  that  a  10  per  cent,  solution  of  hydrastinine 
applied  locally  causes  dilatation  of  the  pupil,  which  reaches  its  maxi- 
mum in  two  to  three  hours,  and  lasts  for  twelve  to  fifteen  hours. 

Pbepabations. 
Hydrastis  (TT.  S.  P.),  Hydraatia  lUilioma  (B.  P.),  the  rhizome  and  roots 
of  Hydrastis  Canadensis,  Golden  Seal. 

FlMiAetcttactvm  Hydrastis  (U.  S.  P.).  1-4  c.e.  (15-60  mins.). 
Extractum  Hydrastis  lAquidum  (6.  P.)i  5-15  mins. 
,  Glyceritum  Hydrastis  (IT.  S.  P.),  1-4  c.c.  (15-60  mins.). 
^^i4  (^  V  Twtefura  Hydraatia  (IT.  S.  P.,  B.  P.),  1-4  c.c.  (15-60  mins.). 

Hydraatina  (U.  8.  P.),  white,  bitter,  almost  insoluble  crystals.  10  mes. 
iigr.). 

Eydraatinina  Hydrochloridum  (V.  B.  P.),  0-03  Q.  (%  gr.),  given  in  solu- 
tion hypodermically  or  by  the  month,  or  in  pills  or  tablets. 

Therapeutic  Ub«8. — Hydrastis  has  been  used  as  a  stomachic  bitter 
and  the  large  quantity  of  berberine  contained  in  it  would  seem  to  give 
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It  a  place  along  with  the  simple  bitters.  It  has  also  been  credited  with 
some  obscure  action  on  the  mucous  membranes  when  locally  applied, 
through  which  it  is  said  to  benefit  many  forms  of  catarrhal  inflamma- 
tion. For  this  purpose  the  gljcerite  may  be  used.  Besides  varions 
conditions  in  which  its  use  was  attended  by  doubtful  success,  it  has 
been  used  in  hemorrhage  from  the  uterus;  but  for  this  purpose 
hydrastinine  ought  to  be  preferred,  as  it  causes  a  much  greater  c(hi- 
striction  of  the  peripheral  vessels  than  hydrastine,  and  acts  less  on 
the  heart.  The  conditions  in  which  it  is  indicated  seem  to  be  mod- 
erate haemorrhage ;  for  example,  hydrastinine  is  of  value  in  excessive 
menstrual  flow,  while  in  post-partum  hemorrhage  it  seems  to  have 
little  effect.  Hydrastis  and  its  alkaloids  have  not  attained  any  assured 
position  in  therapeutics,  for  at  best  it  can  only  be  considered  an  infe- 
rior substitute  for  ergot,  which  has  a  much  more  decided  action  on 
the  vessels  and  the  uterus. 

Cotamine  has  been  introduced  under  the  name  of  Styptidne  and  Styptol 
as  a  8at>8titnt«  for  hydrastinine  in  uterine  hemorrhage.  Dose,  0.02-0.03  Q. 
{i~i  ST.).  It  resembles  hydrastinine  in  it^  general  action  and  has  received 
some  recommendation  at  the  hands  of  gynecologists. 

BlBLIOGBAPHY. 

F.  Marfori.  Aieti.  f.  eip.  Path.  a.  Phann.,  zxviL,  p.  161.  Arch.  Ital.  de  Biol., 
xxriii.,  p.  191. 

E.  FaOc.     Virehoir'E  Arch.,  adx.,  p.  399;  exlii.,  p.  360. 

Cema.    Thenp.  Gax.,  1891,  pp.  289,  361. 

E.  «.  Bunge.    Arbeiten  a.  d.  phannakolog.  Institut.  Borpat,  xi.  and  siL,  p.  119. 

FaUntT.     Centralhl.  f.  Fhydnl.,  zi.,  p.  374. 

SonfeuoM.     ^Bndin.  Arch.  f.  Fhydologie,  vi.,  p.  308. 

Bonue.    Arch,  de  FhaTmaeodTnam.,  iv.,  p.  SOT;  v.,  p.  21. 

PMUpfi  and  Tenibrey.    Brit.  Med.  Jonr.,  1S98,  ii.,  p.  lOSS. 

Tt    OAmrABIB   IHDXOA. 

The  hemp  plant  possesses  no  pharmacological  interest  when  grown 
in  temperate  ^gions,  but  when  cultivated  in  warm  climatea  as  in 
ladia,  Egjpt  or  the  Bouthem  United  States,  it  develops  products 
which  induce  markod  deranyements  of  the  central  nervous  system. 
The  Indian  plant  was  formerly  supposed  to  be  a  distinct  specie^but 
differs  so  little  from  the  European  form  that  botanists  now  consider 
them  merely  varieties.  The  old  name  of  Cannabis  Indica  has,  how- 
ever, been  retained  in  medicine.  Its  introduction  into  Western  medi- 
cine dates  only  from  the  beginning  of  last  century,  but  it  has  beffll 
used  as  an  intoxicant  in  Asiatic  countries  and  in  Africa  since  unknovm 
time,  and  under  the  names  of  Hashish,  Bhang,  Oanja,  Charas  or 
Qhurrus,  is  habitually  indulged  in  by  some  one  or  two  hundred  mil- 
lions of  TnBTilciTid-  Some  of  the  preparations  are  smoked  either  alone 
or  mixed  with  tobacco;  others  form  an  intoxicating  drink,  while  in 
otners  It  is  mixed  with  sugar  or  Honey  and  taken  as  a  confection. 

The  active  principle  of  Indian  hemp  has  been  found  by  Wood,  Spivey  and 
Eaeterfleld  to  be  a  red  oil  or  resin  boiling  at  a  high  temperature,  which  they 
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term  Cannabinol;  this  was  found  by  Sf arshall  to  induce  the  typical  eSecta  of 
eann&biB  indica  in  man  and  animals.  Frankel  states  that  cannfd>inoI  is  a  phe- 
nolaldehyde  of  the  formula  OH'C,H.COH. 

Brmptomfi, — The  effects  of  c&imabiB  indica  are  chiefljr  due  to  the 
changes  in  the  central  nervous  system,  in  which  it  induces  a  mixture 
of  depression  and  stiimlntin"  "'tniliiT  to  that  awn  wAnainmilly  r^der 

tSorphlPg:  Its  action  IS  much  less  constant,  however,  and  seems  to 
depend  verj  largely  on  the  disposition  and  intellectual  activity  of  the 
individual.  The  preparations  used  also  vary  considerably  in  strength, 
and  the  activity  of  even  the  crude  drug  seeuis  to  depend  very  largely 
on  the  climate  and  season  in  which  it  is  grown,  so  diat  great  discrep- 
.  ancies  occur  in  the  accounts  of  its  effects.  Soon  after  its  administra- 
I  tion,  the  patient  passes  into  a  dreamy,  semiconscious  state,  in  which  the 
I  judgment  seems  to  be  lost,  while  the  imagination  is  untrammeled  by 
lits  usual  restraints.  The  dreams  assume  the  vividness  of  visions,  are 
of  boundless  extravagance,  and,  of  course,  vary  with  the  character  and 
pursuits  of  the  individual.  In  the  eastern  races  they  seem  generally 
to  partake  of  an  amorous  nature.  The  true  believer  sees  the  gardens 
of  paradise  and  finds  himself  surrounded  by  troops-  of  houris  of 
unspeakable  beauty,  while  the  less  imaginative  European  finds  himself 
unaccountably  happy  and  feels  constrained  to  active  movement,  often 
of  a  purposeless  and  even  absurd  character..  Ideas  fiash  throu^  the 
mind  without  apparent  continuity,  and  all  measurement  of  time  and 
space  is  lost.  True  hallucinations  may  appear,  but  are  often  absent, 
the  chief  features  of  the  action  being  merriment,  comfort,  well-being 
and  self-satisfaction.  Often  less  pleasant  thoughts  obtrude  themselves, 
however,  such  as  the  fear  of  impending  death  or  of  some  imminent 
indefinite  danger.  During  this  period  the  consciousness  is  not  entirely 
lost,  for  the  patient  often  feels  that  his  dreams  are  unreal,  his  satisfac- 
tion unfounded  and  his  movements  ridiculous,  but  he  cannot  restrain 
them ;  he  can  give  a  coherent  account  of  his  condition  when  aroused 
and  answer  questions  intelligently.  The  sensation  of  pain  is  lessened 
or  entirely  absent,  and  the  sense  of  touch  is  less  acute  than  normally. 
Later  the  dreams  alternate  with  periods  of  complete  unconscioumess, 
from  which  the  patient  can  be  aroused  easily,  and  the  symptoms 
eventually  pass  into  tranquil  sleep,  from  which  he  awakes  rcfreehed, 
and,  as  a  rule,  without  any  feeling  of  depression  or  nausea.  In  the 
majority  of  cases  the  preliminary  stage  of  exaltation  is  very  short  or 
entirely  absent  in  Europeans,  the  first  effects  of  the  drug  often  being 
heaviness,  drowsiness,  noises  in  the  ears  and  numbness  of  the  extrem- 
ities, which  pass  into  deep  sleep.  According  to  Dixon  the  drug  is 
much  more  exhilarating  when  inhaled  than  when  swallowed,  and  this 
may  account  for  some  of  the  variations  in  its  action.  In  some  cases, 
acute  mania  and  convulsive  attacks  have  been  developed,  and  among 
the  natives  of  India  catalepsy  occasionally  occurs. 

In  animals  the  effects  of  cannabis  indica  seem  to  resemble  those  in 
man  and  present  the  same  marked  variations ;  a  stage  of  exaltation 
with  increased  movement  is  sometimes  present  and  is  followed  by 
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depreesion,  laseinide  and  sleep.  The  reflex  excnabilitj  19  ftrst  in-  &^  —21/^ 
creased  and  then  diminished  in  froge.  Vomiting  is  often  induced  in  /°  '^^j' 
doga  and  cata,  but  cannabis  indica  differs  from  opium  in  producing 
no  disturbance  of  the  digestion  and  no  constipation.  The  heart  is 
generally  accelerated  in  man  when  the  drug  is  inhaled ;  the  Lntrave- 
DOUB  injection  in  animals  slows  the  pulse  partly  through  inhibitory 
stimulation  and  partly  through  direct  action  on  the  heart  muscle. 
This  action  on  the  heart  is  stated  by  Dixon  to  be  the  cause  of  death 
after  poisonous  quantities,  for  he  found  the  respiration  persist  for 
some  seconds  after  standstill  of  the  heart.  The  pupil  is  generally 
somewhat  dilated.  Polyuria  is  stated  to  occur  in  dogs  in  which 
cannabinol  appears  to  he  excreted  by  the  kidneys  in  combination  with 
glycuronic  acid  (Franbel). 

Death  from  acute  poisoning  is  extremely  rare,  and  recovery  has 
occurred  after  enormous  doses.  The  continued  abuse  of  hashish  in  the 
East  sometimes  leads  to  mania  and  dementia,  but  does  not  cause  the 
same  disturbance  of  nutrition  as  opium,  and  the  habitual  use  of  small 
quantities,  which  is  almost  universal  in  some  Eastern  peoples,  does  not 
seem  detrimental  to  them,  although  among  Europeans  it  might  possibly 
be  as  fatal  as  that  of  morphine.     Some  tolerance  is  rapidly  acquired. 

Prbpabatioits. 

Cannabis  Indica  (TT.  S.,  P.,  6.  P.),  Indian  hemp,  the  flowering  tops  of  tbe 
female  plant  of  CannabiB  sativa  (hemp),  grown  in  the  Kaat  Indies. 

Extraetum  Cannabis  Indica  (IT.  S.  P.,  B.  P.),  0.02-0.06  G.  (J-l  gr.). 

Flmdextractum  Cannabis  Indica  (U.  S.  P.),  0.1-0.3  c.e.  (2-5  mins.). 

TiNoroRA  CAinrAMS  lamcm  (XI.  S.  P.,  B.  P.),  1-2  o.c.  (15-30  mins.). 

The  preparations  vary  extremely  in  strength  and  many  are  entirely  inert, 
especially  when  they  have  been  kept  some  time.  The  nnoffieial  preparations, 
such  as  "  cannabin  tannate,"  cannabinon,  etc.,  seem  to  be  no  more  reliable 
than  the  pharmacopfsial  ones,  and  offer  no  advantages  at  all  commensnrate 
with  their  price.  Physiolopcally  tested  preparations  are  provided  by  many 
firms. 

Thetftpentlc  TTses, — Cannabis  indica  is  used  as  a  hypnotic  in  cases  of 
sleeplessness  from  nervous  exhaustion  and,  less  often,  from  pain.  It 
is  not  nearly  so  reliable  as  opium,  and  in  fact  produces  sleep  in  only 
about  50  per  cent,  of  the  cases,  according  to  some  authors.  On  the 
other  hand,  it  does  not  disturb  the  digestion  and  produces  no  subse- 
quent nausea  and  depression,  and  may  therefore  be  employed  in  some 
cases  in  which  opium  is  contraindicated.  It  is  of  use  in  some  cases  of 
migraine,  and  has  been  prescribed  as  a  substitute  for  opium  in  mental 
diseases. 

Lactncaiiiun  (IT.  S.  P.),  the  dried  joiee  of  Lactnca  virosa,  the  common 
lettaee,  is  reputed  to  have  some  hypnotic  properties.  It  contains  neatral 
bitter  substances,  lactuein  and  lactwson,  and  it  has  been  stated  recently  that 
traees  of  hyoscyamine  and  atropine  are  also  present.  In  any  case  its  action 
ia  eo  feeble  that  half  an  ounce  has  been  administered  to  a  dog  without  effect, 
and  it  seems  qnite  unnecessary  to  include  it  in  the  phannacop<Bia. 
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Vn.    AFOHOBPHINE. 

When  morphine  is  acted  on  by  acids  and  b;  aome  other  dehydrat- 
ing agents,  it  loses  a  molecnle  of  water,  and  a  new  alkaloid  is  formed, 
Apomorphine  (CnH,TNOa). 

Tlirough  this  change  the  action  of  the  original  alkaloid  is  consid- 
erably modified;  apomorphine  preserves  the  stimulant,  bnt  loses  to  a 
_      --  great  degree  the  depressant  action  of  mor- 

phine on  the  central  nervous  system.  This 
stimulant  action  extends  over  the  whole  cen- 
tral nervous  system  in  animals,  but  is  most 
developed  in  the  "vomiting  centre"  of  the 
medulla  oblongata. 

Symptonu —  In  man  apomorphine  in  doses 
of  5-10  mg.  (I'l-i  gr.)  induces  within  ten  to 
fifteen  minutes  nausea  and  vomiting,  accom- 
panied by  the  usual  attendant  phenomena,  but 
with  no  symptoms  which  cannot  be  directly  in- 
cluded in  these.  Very  often  the  nausea  passes 
ofiF  immediately  after  the  evacuation  of  the 
stomach,  but  when  larger  quantities  have  been 
administered,  repeated  vomiting  and  retching 
may  occur.  Occasionally  depression  and  sleep 
follow  the  emesis  after  even  small  doses. 

The  attendant  symptoms  are  profuse  sali- 
vation,  increased   secretion   of   the   mucous 
glands  of  the  nose,  throat  and  bronchial  pas- 
sages, tears  and  a  cold  perspiration.    A  feeling 
of  depression  and  muscular  weakness  and 
oraphic  record  o(  tha  acceleration  of  the  pulse  are  also  well-known 
ribbit'*  att'^r'  'a'^m^  hta'  symptoms  accompanying  nausea  and  vomit- 
Tbe  Toinma  inapired  In  each   ing,  and  are  present  after  apomorpMne.  These 
SU  mini.  !■  meamred  alcoc  n  .     i  in  i        i  .i 

the  perpcndicuiaT,  tbe  time   are  all  to  be  regarded  as  sequelEe  of  the  emetic 

BiS'abOTt'eooS^reprSe^    action,  however,  and  not  as  due  to  the  direct 
"     "  laCSiTi^^o^Mr.   action  of  the  drug  on  the  glands  and  other 


T^w'^^VSmSTirift    organs.     In  a  few  instances  the  depressioi 
18,  p.  sia)  and  weakness  have   passed   into   alarming 

collapse,  but  no  actual  fatality  is  recorded 
from  the  use  of  apomorphine. 

Very  small  doses  of  apomorphine  may  induce  tlie  secondary  symp- 
toms without  actual  vomiting.     Thns  the  saliva,  perspiration,  tears 
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and  other  secreticnis  may  be  augmented  by  quantKie^which  are  too 
small  to  act  bb  emetica,  though  there  is  no  question  that  these  are  due 
to  the  commencing  emetic  action. 

In  doga  and  cata,  small  quantities  elicit  the  same  effects  as  in  man, 
but  larger  doses  are  followed  by  symptoma  of  general  nervoua  stimu- 
lation.    In  the  herbivora,  which  are  incapable-^^romiting,  these  I 
symptoms  follow  the  injection  of  comparatively  small  quantities  and  | 
are  much  more  marked.     The  rabbit,  for  example,  becomes  restless  ( 
and  easily  alarmed ;  it  moves  about,  climbs  up  the  walls  of  its  cage 
and  gnaws  anything  it  can  reach.     Circus,  movements  are  developed 
very  often,  especially  in  the  dog,  the  animal  running  unceasingly  in  a 
circle  and  striking  against  obstacles  in  its  path,  apparently  uncon- 
scious of  all  its  surroundings  and  overcome  by  the  impulse  to  continual 
movement.     The  respiration  is  very  much  accelerated  (Fig.  20). 
After  very  large  quantities  the  movements  become  less  coi5rdinated» 
and  eventually  tetanic  convulsions  set  in,  during  which  the  respiration 
ceases,  while  the  heart  continues  to  beat  for  some  time  afterward. 

Apomorphine  induces  vomiting  through  changes  in  the  medulla 
oblongata  and  not  by  irritation  of  the  stomach.  This  is  shown  by  the 
fact  that  it  acts  much  more  quickly  and  in  smaller  doses  when  it  is 
injected  hypodermically  than  when  it  is  swallowed,  and  also  by  the  fact 
that  if  the  medulla  be  brushed  with  apomorphine  solution,  vomiting 
follows  immediately.  It  is  even  disputed  whether  apomorphine  has 
any  effect  on  the  gastric  movements  at  all,  for  Batelli  states  that  the 
stomach  remains  quite  passive  during  vomiting,  while  Schiitz  found  it 
undergoing  antiperistaltic  movements  towards  the  cardiac  orifice.  In 
any  case  the  movements  of  the  stomach  play  an  unimportant  part  in 
the  evacuation  of  its  contents  by  apomorphine,  and  all  the  phenomena 
in  man  are  to  be  ascribed  to  medullary  action. 

Apomorphine  is  said  to  have  some  anssthetic  effects  on  the  cornea  when 
a  solntion  is  dropped  upon  it.  It  causes  cloudiness  and  consequent  dimness 
of  ei^t,  however,  and  has  not  been  used  practically  for  this  purpose.  Apo- 
moiphine  is  not  excreted  into  the  stomach  like  morphine,  nor  has  it  been 
found  in  the  mucous  membranes  of  the  air  passages,  and  it  is  possible  that 
it  is  decomposed  iu  the  tissues. 

The  symptoms  induced  by  apomoiphine  resemble  in  some  degree  those 
following  morphine  in  many  animals,  for  here  too  the  first  symptom  is 
vomiting  accompanied  by  signs  of  excitement,  which  are,  however,  generally 
attended  by  those  of  depression  of  some  parts  of  the  central  nervoos  system. 
The  similarity  between  the  effects  of  apomorphine  and  of  morphine  on  the 
cat,  for  example,  is  particularly  striking.  In  man,  however,  the  effects  are 
very  different,  for  apomorphine  seems  to  have  loet  all  the  depressant  action 
of  the  parent  body,  although  here  again  it  must  be  remembered  that  mor- 
phine occasionally  canses  vomiting,  so  that  apomorphine  does  not  depart 
BO  far  from  the  type  of  the  opium  alkaloids  as  would  at  first  sight  appear. 

In  the  frog,  apomorphine  causes  a  transient  stimulation  of  the  eentral 
nervous  system,  followed  by  depression  and  paralysis. 

Apocodeine  is  formed  from  codeine  in  the  same  way  as  apomorphine  from 
morphine,  hut  it  differs  entirely  from  apomorphine  in  its  action  and  re- 
sembles nicotine  in  paralyzing  the  sympathetic  ganglia.  It  causes  puliation 
when  injected  bypodermicaUy,  apparently  from  renoving  the  normal  inhibi- 
16 
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tion  of  the  bowel  movemento  (Dizoi 


Apomorpbine  hydrochlorate  is  a  grayish-white  crystalline  substance,  very 
soluble  in  water  and  turning  dark  green  or  even  black,  especially  when  kept 
long  in  solution.  This  change  in  color  does  not  appear  to  impair  its  activity 
appreciably.  The  doses  given  above  are  those  for  hypodermic  use  to  induce 
vomiting.    The  same  quantity  may  be  given  by  the  mouth  as  an  expectorant. 

Th«ntpeatic  ITseSr — Apomorpbine  is  used  chiefly  aa  an  emetic,  and 
for  some  purposes  presents  several  advantages  over  the  older  drags 
employed  with  this  object,  inasmuch  as  it  acts  more  promptly  and  can 
be  administered  by  the  hypodermic  needle,  while  the  other  emetics 
have  to  be  given  by  the  mouth,  which  is  a  serious  drawback  in  cases 
.  of  poisoning.  The  more  important  of  these  older  drugs  are  ipeca- 
cuanha, tartar  emetic  (antimony),  ammonium  carbonate,  die  sulphates 
\  of  copper  and  zinc  and  alum. 

Vomiting  is  not  now  such  an  important  method  of  treatment  as  it 
was  formerly,  and  the  emetics  are  less  frequently  employed  to  evae- 
nate  the  stomach  than  other  less  heroic  measures,  such  as  the  passage 
of  the  stomach  tube.  Emesis  may  be  indicated  in  poisoning,  and  here 
apomorpbine  is  especially  useful.  But  in  the  great  majority  of  cases 
a  better  method  of  treatment  is  repeated  washing  of  the  stomach  by 
means  of  the  stomach  tube,  for  in  narcotic  poisoning  apomorpbine  not 
infrequently  fails  to  act,  owing  to  the  depression  of  the  vomiting 
centre,  and  in  corrosive  poisoning  a  certain  amount  of  danger  attends 
its  use,  as  the  pressure  on  the  walls  of  the  stomach  exerted  by  the  con- 
traction of  the  diaphragm  and  abdominal  muscles  may  lead  to  the 
rupture  of  the  weakened  walls  of  the  organ.  In  irritant  poisoning, 
on  the  other  hand,  the  reflex  vomiting  set  up  is  generally  sufficient  to 
empty  the  stomach,  and  the  indications  are  rather  to  allay  the  gastric 
irritation  than  to  increase  it  by  causing  violent  movements  of  the 
abdominal  walls  by  apomorpbine.  Emetics,  such  as  apomorpbine, 
have  been  used  occasionally  to  cause  pressure  on  other  abdominal 
organs,  e.  g.,  on  the  gall-bladder  in  order  to  dislodge  a  calculus  or  plug 
of  mucns  in  the  ductus  cboledochus,  but  this  treatment  is  not  to  be 
advised,  owing  to  the  risk  of  rupture  of  the  gall-bladder.  Occasion- 
ally emetics  are  used,  especially  in  children,  to  expel  bodies  from  the 
air  passages,  as  violent  movements  of  expiration  are  produced  during 
emesis.  Apomorpbine  is  comparatively  rarely  used  for  this  purpose, 
however.  In  cases  of  choking  due  to  foreign  bodies  lying  in  the 
pharynx,  vomiting  is  often  beneficial,  but  the  emetics  act  tw)  slowly 
to  be  of  benefit  here. 

A  second  use  of  emetics  is  in  inflammatory  conditions  of  the  respir- 
atory passages;  the  object  here  is  to  induce  an  increased  secretion 
without  producing  emesis,  and  very  small  quantities  are  therefore 
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used.  The  special  condition  in  which  this  class  of  remedies  is  of  ser- 
vice is  bronchial  irritation  with  a  sticky  mncous  secretion  which  causes 
cough,  but  can  only  be  expectorated  with  difficulty.  The  indications 
are  for  a  mild  and  prolonged  action  such  as  can  be  induced  by  small 
dosea  of  ipecacuanha,  antimony  and  similar  bodies,  rather  than  for  the 
more  transient  effects  of  apomorphine,  but  the  latter  has  been  advised 
by  some  authorities.' 

Emesis  is  contraindicated  in  all  conditions  in  which  a  sudden  rise 
of  blood-pressure  may  be  dangerous,  as  in  atheroma,  fatty  heart  or 
aneurysm,  and  where  there  is  any  danger  of  rupture  of  the  abdominal 
walls  or  organs  as  in  hernia,  advanced  pregnancy  (especially  if  there 
be  any  tendency  to  abortion),  gastric  ulcer  and  impacted  gall-stone. 
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vm.  F&ussio  Aon>. 

Prussic  or  hydrocyanic  acid  differs  entirely  from  the  other  acids  in 
its  pharmacoli^cal  action,  and  has  therefore  to  be  described  apart 
from  them. 

The  pure  acid  is  scarcely  ever  seen  save  in  the  chemical  laboratory, 
and  is  an  extremely  dangerous  body  to  handle,  as  it  is  very  volatile 
and  when  inhaled  may  produce  death  within  a  few  seconds.  It  is 
generally  met  with  in  a  very  dilute  solution,  which  is  formed  by  the 
decomposition  of  one  of  its  salts. 

In  nature,  prussic  acid  occurs  in  the  secretion  of  some  of  the  myria- 
poda,  and  in  the  decomposition  products  of  a  few  glucosides,  of  which 
Amygdalin  is  the  best  known.  Amygdalin  is  in  Itself  practically 
inactive,  but  may  be  decomposed  by  dilute  acids  or  by  a  ferment, 
emulsin,  which  is  generally  found  associated  with  it  in  plants.  The 
products  of  its  decomposition  are  prussic  acid,  benz^dehyde  and 
glucose  (see  p.  65). 

Both  amygdalin  and  emulsin  occur  in  the  bitter  almond  and  in  the 
kernels  of  a  number  of  fruits,  such  as  the  apple,  cherry,  prune,  plum 
and  apricot.  In  smaller  quantities  they  have  been  foimd  in  the  bark 
and  leaves  of  several  of  these  trees  and  in  the  laurel  (Prunus  lauro- 
cerasus).  In  the  sweet  almond  emulsin  occurs,  but  no  amygdalin. 
When  bitter  almonds  are  rubbed  into  a  paste  vrith  water,  prussic  acid 
is  formed  by  the  action  of  the  ferment  on  amygdalin,  and  very  large 
quantities  of  such  a  paste  may  give  rise  to  unpleasant  symptoms, 
especially  in  children.     A  more  dangerous  substance  is  the  oil  of  bitter 

'  Apomorphine  is  oecaaioDally  mention«'I  as  a  bypnotic  in  dosea  of  ^  gr. 
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almonda,  which  consiste  of  benzaldehjde  and  prusaic  acid  in  a  loose 
combination  and  in  very  varying  proportions.  Several  liqneure  are 
distilled  from  kernels  and  fruits  containing  amygdalin,  and  therefore 
possess  a  variable  percentage  of  prusaic  acid.  The  beat  known  of 
these  are  Kirschwasser  and  Maraschino.  Laurel  water  and  the  prepa- 
rations of  Virginian  cherry  bark  contain  benzaldehyde  and  pruasic 
acid,  although  these  are  in  too  small  quantity  to  have  any  poisonous 
action. 

Pruasic  acid  and  its  salts  have  practically  the  same  action,  althou^ 
none  of  the  latter  are  so  poisonous  as  the  free  acid.  Cyanogen,  (CN)i, 
also  resembles  prussic  acid  in  it£  effects,  but  is  not  so  active. 

The  ferrot^anides  and  other  doable  cyanides  are  in  most  cases  harmless 
hnt  other  componndE,  from  which  praBsic  acid  is  formed  in  the  oi^anism, 
are  poisonous.  The  organic  combinations  containing  the  —  CN  radicle 
form  two  series,  the  Nitriha,  in  which  the  nitrogen  is  trivalent  (e.  g., 
CH,  —  C^N),  and  the  laonitriiet,  or  Carbylamines,  in  which  the  alkyl  is 
attached  to  the  nitrogen  (e.  g.,  Cn,^N  ■  C).  These  compounds  are  all 
much  less  poisonous  t£an  prussic  acid,  and  the  nitriles  are  said  to  differ  from 
it  in  their  effects,  inasmuch  as  the  chief  Bymptoms  caused  by  them  arise  from 
g^stro-inteatinal  irritation.  The  isonitnles  are  more  poisonous  than  the 
nitriles  and  resemble  the  acid  more  closely  in  their  action.  Both  nitriles  and 
isonitrilea  give  rise  to  the  formation  of  pmssic  acid  in  the  tissues. 

Symptoms  and  Action.— Prussic  acid  £rst  stimulates  and  then  para- 
lyzes the  central  nervous  aystem  in  mammals,  but  it  acts  on  so  many 
forms  of  living  matter  that  it  merits  the  designation  of  a  general 
protoplasm  poiaon.  The  fatal  doae  in  man  is  believed  to  be  about 
O.05-0.08  G-.  (1-li  gr.)  of  the  pure  acid,  certainly  a  much  larger 
quantity  than  is  fatal  in  cases  of  poisoning  with  some  of  the  alkaloids 
and  glucosides.  Prussic  acid  acts  much  more  rapidly  than  these, 
however,  and  haa  thus  gained  its  reputation  of  being  the  moat  danger^ 
OUB  of  poisons. 

After  very  large  doses  in  mammals,  there  may  be  practically  no 
aymptoma;  the  animal  falla  to  the  ground  with  a  slight  convulsive 
movement  or  a  scream,  and  death  follows  in  a  few  seconds  from  simul- 
taneous arrest  of  the  heart  and  respiration. 

In  smaller  quantities  prusaic  acid  has  a  bitter,  acrid,  burning  taste, 
which  ia  accompanied  by  salivation,  and  is  followed  by  numbness  in 
the  mouth  and  throat.  A  sensation  of  warmth  in  the  stomach  is 
followed  by  nausea  and  vomiting,  confusion  and  headache,  dyspncea, 
slow  pulse  and  general  muscular  weakness.  The  pupils  are  widely 
dilated  and  the  eyeballs  protrude,  as  generally  occurs  in  asphyxia. 
Unconscionaness  foUowa,  and  then  violent  convulsions,  which  pass  into 
paralysis  with  involuntary  evacuation  of  the  contents  of  the  bladder 
and  bowels,  the  respiration  becomes  extremely  slow  and  eventually 
ceases,  while  the  heart  continues  to  beat  for  some  time  afterwards. 

In  frogs,  no  convulsions  occur,  the  symptoms  pointing  to  a  para- 
lysis of  the  central  nervous  system  without  preliminary  stimulation, 
except  in  tiat  the  respiration  is  somewhat  quick  and  dyspnoeic. 
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In  mammals  theCentral  Nervous  System  is  first  stimulated  and  then 
paralyzed,  but  the  action  seems  to  be  developed  more  fully  in  the 
medulla  oblongata  and  lower  parts  of  the  brain  than  in  the  cerebral 
cortex,  for  the  convulsions  resemble  those  produced  by  stimulation  of 
the  hind-brain,  although  the  subsequent  paralysis  seems  to  include  all 
parts  of  the  central  axis. 

The  peripheral  Mnsclee  and  the  Nerves  are  weakened  and  eventually 
paralyzed  when  suspended  in  an  atmosphere  of  the  gas,  but  they  are 
not  affected  in  poisoning ;  the  nerves  are  more  readily  poisoned  than 
the  muscles.     When  prussic  acid  in  solution  is  applied  locally  to  the 


Trldns  of  the  mavements  of  the  diaphragm  (respiration)  of  the  rabbit  under  ■  large 
bat  not  fatal  dose  of  ciBDlde  of  potash  Injected  IntravenonslT.  A-B,  normal  resplrattoo. 
At  A  1  mg.  Injected;  the  reeplratorT  moTement*  are  mnch  larger.  At  O  recoTCTy.  Note 
the  short  dnratloD  of  the  stimulation. 

Skin,  it  produces  numbness  and  partial -loss  of  sensation,  but  this  does 
not  follow  in  general  poisoning.  The  anfesthetic  action  is  well  seen 
on  brushing  the  leg  of  a  frog  with  a  weak  solution,  for  no  reflex  can 
be  elicited  from  subsequent  irritation  of  the  limb,  although  it  is  moved 
on  irritation  of  other  parts  of  the  body,  which  shows  that  the  motor 
nerves  and  the  spinal  cord  are  still  intact. 

The  Bespiratlon  is  rendered  quicker  and  deeper  by  the  injection  or 
inhalation  of  small  quantities  of  prussic  acid.  During  the  convulaiona 
it  is,  of  course,  irregular,  and  afterwards  generally  becomes  extremely 
slow  and  deep  and  then  ceases.  After  very  largo  quantities  it  may 
cease  within  a  few  seconds.  These  changes  are  produced  by  primary 
stimulation  and  subsequent  paralysis  of  the  medullary  centre. 

The  Olrcnlatlon  is  altered  mainly  through  the  action  on  the  central 
nervous  system,  although  prussic  acid  also  acts  directly  on  the  heart. 
The  stimulation  of  the  inhibitory  centre  generally  slows  the  pulse, 
but  this  is  accompanied  by  a  very  considerable  rise  in  blood-pressure 
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from  increased  activitj  of  the  vaao-constrictor  centres.  Thia  central 
Btimulation  later  passes  into  paral;Bia  and  the  blood-preBSure  falls, 
from  the  depression  of  the  vasomotor  centres,  but  tlie  heart  does  not 
generally  r^ain  its  normal  rhythm,  because  although  the  inhibitory 
stimulation  has  passed  off,  the  cardiac  muscle  ia  now  directly  afFected, 
and  its  movements  therefore  remain  somewhat  slow.  During  the 
convulsions  the  arterial  pressure  rises  again,  but  afterwards  the  pro- 
gressive weakening  of  the  heart  leads  to  a  slow  and  imperfect  circula- 
tion. In  the  frog's  heart  prussic  acid  cauaea  slowing  and  standstill 
long  before  the  peripheral  nerves  and  muscles  are  afFected. 

Nutrition, — Besides  its  specific  action  on  the  central  nervoua  system, 
prusaic  acid  exerciaea  a  depreasant  action  on  protoplasm  in  general, 
and  may  therefore  be  called  a  general  protoplasm  poison,  although 
some  of  the  bacteria  are  but  little  affected  by  it.  Both  planta  and 
animals  are  retarded  in  their  movements  and  in  their  nutritive  proc- 
esses by  its  presence,  although  they  may  recover  and  shtiw  no  subse- 
quent deterioration  provided  the  poison  acts  only  during  a  short  time 
and  in  sufficient  dilution.  For  example,  the  development  of  seeds  ia 
hindered  by  the  preaence  of  prussic  acid,  but  proceeds  when  it  ia  with- 
drawn; yeast  cells  cease  their  activity,  and  the  insectivorous  plant 
Drosera  no  longer  moves  ita  tentacles  in  the  presence  of  i^anides  or 
prussic  acid  (Darwin).  This  action  in  plants  is  probably  due  to  the 
poison  arresting  the  activity  of  the  ferments  and  the  respiration  of 
the  cells. 

The  effects  of  prussic  acid  on  the  mammalian  tissues  have  been 
examined  by  Gieppert  in  a  long  and  careful  research.  He  found  that 
the  oxygen  absorbed  by  the  tissues  was  much  lessened  by  prussic  acid, 
whereas  it  was  to  be  expected  that  a  convulsive  poison,  such  as  that 
under  discussion,  would  cause  an  increased  waste  in  the  tissues  and  a 
corresponding  rise  in  the  oxygen  used ;  yet  during  the  most  powerful 
a>nvulaions  after  prussic  acid,  the  absorption  of  oxygen  is  often  dis- 
tinctly lower  than  in  the  normal  resting  animal.  After  some  time  the 
consumption  of  oxygen  again  increases,  although  it  does  not  regain  the 
normal  standard  unlesa  complete  recovery  occurs;  the  carbonic  acid 
actually  formed  by  the  tissues  falls,  owing  to  the  leasened  oxidation, 
and  Geppert  proceeded  to  prove  that  the  imperfect  oxidation  is  due  to 
the  fact  that  the  tissuea  are  unable  to  absorb  the  oxygen  brought  to 
them  by  the  blood  cells;  that,  in  fact,  a  change  occurs  in  the  proto- 
plasm, which  retards  the  normal  respiration  of  the  cell.  In  conse- 
quence of  this,  the  oxyheemoglobin  of  the  blood  is  not  reduced  in  the 
capillaries,  so  that  the  venous  blood  has  the  same  bright-red  color  aa 
the  arterial.  Prussic  acid  seems  to  be  rapidly  changed  to  other  prod- 
ucts in  the  tissues,  however,  provided  a  lethal  dose  has  not  been  given, 
and  as  this  process  goes  on  the  protoplasm  recovers  its  oxygen- 
abeorbing  power,  the  expired  air  becomes  less  rich  in  oxygen  and 
richer  in  carbonic  acid,  and  the  venous  blood  assumes  its  ordinary 
dark  color.  The  usual  results  of  imperfect  oxidation  in  the  tissues 
are  seen  in  an  increase  in  the  sugar  and  lactic  acid  in  the  blood. 
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Imperfect  oxidfttioQ  is  also  the  chief  cause  of  the  augmented  nitr{^en, 
urea  and  uuoxidized  sulphur  of  the  urine.  But  some  other  changes 
in  the  urine  do  not  seem  to  be  adequately  explained  b;  this  factor  and 
may  arise  from  some  hitherto  unrecognized  action  of  the  poison 
(Richards  and  Wallace). 

The  changes  in  the  central  nervous  system  are  produced  by  smaller 
quantities  and  somewhat  more  rapidly  than  those  in  the  metabolism, 
and  they  also  last  longer.  The  dilatation  of  the  blood  vessels  from 
the  depression  of  the  vaso-constrictor  centre  may  probably  cooperate 
with  the  lessened  absorption  of  oxygen  to  produce  the  bright  red  color 
of  the  venous  blood. 

The  diminution  in  the  oxygen  absorption  by  the  tissues  is  appar- 
ently due  to  the  action  of  the  intracellular  ferments  being  arrested  by 
prussic  acid,  and  there  thus  seems  to  be  an  entire  correspondence 
between  the  changes  produced  in  the  metabolism  of  plants  and  animals 
by  prussic  acid. 

Prussic  acid  is  changed  to  sulphocyanides  in  the  tissues,  and  ie 
partly  excreted  in  the  urine  in  this  form,  while  part  of  it  undergoes 
further  and  unknown  changes.  This  combination  of  prussic  acid  and 
sulphur  bodies,  such  as  the  proteins,  seem  to  arise  by  simple  chem- 
ical processes,  without  the  intervention  of  living  protoplasm  being 
necessary. 

In  the  living  body  prussic  acid  does  not  form  any  combination  with 
the  luemoglobin  of  the  red  blood  cells,  but  in  the  drawn  blood  it 
appears  to  form  cyanhsemoglobin,  a  loose  combination  which  differs 
slightly  from  hfemoglobin  in  its  spectrum  and  is  reduced  with  greater 
difficulty,  80  that  the  blood  retains  its  red  color  longer.  If  normal 
blood  be  brought  in  contact  with  a  solution  of  peroxide  of  hydrogen, 
it  effervesces,  owing  to  the  liberation  of  oxygen  by  the  peroxidase  fer- 
ment, and  the  peroxide  being  all  decomposed  in  this  way,  the  0^- 
luemoglobin  remains  unchanged ;  if,  however,  prussic  acid  be  present, 
no  effervescence  occurs,  and  the  bsemoglobin  is  at  once  changed  to 
methasmoglobin  from  the  oxidizing  action  of  the  peroxide,  which  is  no 
longer  dissipated.  In  cases  of  poisoning  with  cyanides,  the  dependent 
parts  of  the  body  often  present  a  bright  red  color  instead  of  the  usual 
post-mortem  lividity,  and  this  seems  due  to  the  cyanhsemoglobin 
retaining  its  red  color,  while  ordinary  oxyhemoglobin  is  reduced. 

PaSFABATIOKS. 

Addvin  ^drocTuiicmn  Dilntum  (TJ.  S.  P.,  B.  P.),  a  two  per  cent,  sola- 
■  tion  formed  from  potassiuin  ferrooyflnida  or  silver  cyanide.  It  is  a  colorless 
fluid  with  a  characteristic  smell  and  taste,  and  ought  not  to  be  kept  long, 
as  it  is  liable  to  decomposition ;  much  of  that  actually  used  in  medicine  is 
partially  decomposed  and  therefore  nnder  two  per  cent,  in  strength.  Dose, 
0.1-0.5  c.c.  (2-8  mins.). 

A  number  of  other  preparations  contain  prussic  acid,  generally  in  very 
yaiiable  quantity.  Thus  in  the  U.  S.  P.  the  preparations  of  bitter  almonds, 
exeept  the  expressed  oil,  contain  it,  and  the  volatile  oil  ia,  in  fact,  dangerous 
owing  to  the  large  proportion  of  proBaie  acid  sometimes  present.    Another 
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series  of  preparations  eo&tainii^  it,  thongfa  only  in  minute  qaantities,  is 
that  of  the  bark  of  the  wild  chen7,  Frunna  Yirginiana.  In  the  British 
PhannacoptEia  the  bitter  almond,  Yii^inian  cherry  and  the  cheny-laurel 
water  contain  it,  but  Only  in  harmless  quantities.  It  is  also  present  in  the 
tincture  of  chloiofozm  and  morphine,  B.  P. 

Thftrapftntlc  Uses. — The  uses  of  prUBsic  acid  at  the  present  day  are 
very  few.  Externally  it  is  applied  to  itching  Burfacea  to  cause  numb- 
ing and  insensibility  of  the  sensory  nerve  terminations,  but  the  mem- 
bers of  the  cocaine  group  are  much  more  efficient.  It  is  also  used 
internally  in  vomiting,  especially  in  that  occurring  in  pregnancy,  hut 
here  also  orthoform  and  other  local  anffisthetics  should  be  preferred- 
It  was  formerly  used  extensively  as  a  sedative  in  cough,  but  was  gen- 
erally prescribed  along  with  opium  or  other  narcotics,  and  it  seems 
unlikely  that  the  hydrocyanic  acid  had  any  effect. 

In  Polsoninc  with  prussic  acid  or  the  cyanides,  the  treatment  is  that 
of  poisoning  in  general — thorough  evacuation  of  the  stomach,  warmth 
and  general  measures  against  collapse.  Artificial  respiration  ahould 
be  resorted  to  when  necessary,  as  a  cyanide  is  comparatively  quickly 
rendered  inactive,  and  the  recovery  is  rapid  when  it  once  sets  in.  The 
intravenous  iniection  of  sodium  sulphide  and  hyposulphite  has  been 
advised  on  the  theory  that  the  comparatively  harmless  sulphocyanide 
would  be  formed,  and  animals  seem  to  be  able  to  survive  an  otherwise 
lethal  dose  when  this  is  done.  This,  however,  like  other  proposed 
antidotes,  is  not  generally  applicable  in  an  emergency,  and  if  prussic 
acid  is  not  fatal  within  a  few  minutes,  recovery  may  be  looked  for 
without  any  treatment.  But  in  many  cases  life  is  extinct  before 
medical  aid  can  be  called. 
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IX.    CAFFEIHE. 

In  a  number  of  plants  used  in  different  parts  of  the  world  to  form 
beverages  and  condiments,  there  are  found  the  xanthinecompoands. 
Caffeine.  TheohTomine  and  Theophylline  (Theocine),Wt\.\ch.  have  h^sa. 
employed  in  therapeutics  of  late  J'l&H,"ana  nave,  Uierefore,  acquired 
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Bpreftd  use  of  preparations  of  these  by  uncivilized  peoples  is  a  curious 
and  unexplained  fact,  especially  as  they  possess  neither  peculiar  taste 
nor  odor  to  guide  in  the  selection  of  the  plants  in  which  they  exist. 
Besides,  caffeine  and  its  allies  in  moderate  quantities  induce  no  marked 
symptoms,  such  as  follow  the  use  of  alcohol,  opium  or  haBbish  and 
explain  their  use  among  widely  separated  peoples.  On  the  contrary, 
the  only  efFecte  to  be  observed  are  a  brightening  of  the  intellectual 
faculties  nt"i  "ti  iT^^reaaed  capacitT  for  mental  and  pbyaicul  work. 
Oollee,  the  use  of  which  is  derived  from  the  Arabians,  is  the  berry  of 
Ooffea  Arabica  and  contains  caffeine ;  tea,  the  leaves  of  Thea  Chinen- 
818,  contains  caffeine  along  with  theophylline.  Cacao,  cocoa  or  choco- 
late is  derived  from  the  seeds  of  Theobroma  cacao,  a  tree  indigenous 
in  Brazil  and  Central  America,  and  contains  theobromine.  In  central 
Africa,  the  Cola  or  Kola  nut  (Sterculia  acuminata)  is  used  by  the 
natives,  and  contains  caffeine  with  small  quantities  of  theobromine. 
In  Brazil,  Chiarana  paste  is  formed  from  Uie  seeds  of  Paullinia  sor- 
bilis,  and  contains  caffeine  and  theobromine,  while  in  the  Argentine 
Republic,  Terba  Mate  or  Paraguay  tea  (Bex  Paraguayensis)  is  used 
to  form  a  beverage  which  contains  a  very  small  quantity  of  caffeine. 
Another  species  of  Hex  is  met  with  in  Virginia  and  Carolina  under 
the  name  of  Apalache  tea  or  Toupon,  and  also  contains  caffeine. 

These  three  principles,  caffeine,  theobromine  and  theophylline,  are 
purine  derivatives  closely  related  to  the  xanthine  bodies  found  in  the 
urine  and  tissues  of  the  animals.  The  members  most  closely  approach- 
ing the  vegetable  forms  are  xanthine,  paraxanthine  and  heteroxan- 
thine;  the  last  is  a  monomethylxanthine,  while  paraxanthine  is  a 
dimethylxanthine  isomeric  with  theobromine  and  theophylline,  and 
caffeine  is  trimethylxanthine.  The  structural  formnlie  may  serve  to 
indicate  more  clearly  the  close  relationship  of  these  bodies. 
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Action. — These  all  resemble  each  other  in  most  points  of  their 
pharmacological  action,  althou^  caffeine  acts  on  the  central  nervotis 
system  as  well  as  on  the  kidneys,  muscle  and  heart,  while  theobromine 
has  comparatively  little  effect  except  on  the  last  three. 

0«ntr^  Hervons  Srstam.^ — In  mammals  the  injection  of  large  quan- 
tities of  caffeine  is  followed  by  symptoms  closely  resembling  those 
induced  by  strychnine.  The  reflex  irritability  is  remarkably  increased, 
the  lightest  touch  being  followed  by  powerful  contraction  of  almost 
all  the  muscles  of  the  body.     After  a  time  these  ccmtractions  occur 
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without  any  appflrent  stimuluB,  and  culminate  in  tonic  convulsions 
which  last  for  several  seconds.  During  these,  the  respiration  ceases 
because  the  rcBpiratorj  muscles  are  involved  in  the  spasm,  and  occa- 
eionallj  it  fails  to  be  reinstated  when  the  convulsions  pass  off.  In 
other  irLBtauces  the  spasms  become  weaker  and  occur  at  longer  inter- 
vals ;  the  respiration  diminishes  in  frequency  and  depth  and  eventually 
ceases. 

In  man  smaller  quantities  of  caffeine  stimulate  the  central  nervous 
^stem,  in  particular  that  part  associated  with  the  psychical  functions. 

I  The  ideas  become  clearer,  thought  flows  more  easily  and  rapidly,  and 
fatigue  and  drowsiness  disappear.  Not  infrequently,  however,  con- 
nected thought  is  rendered  more  diiEcult,  for  impressions  follow  each 
other  so  rapidly  that  the  attention  is  distracted,  and  it  requires  more 
and  more  effort  to  limit  it  to  a  single  object.  If  the  quantity  ingested 
is  small,  however,  the  results  are  of  distinct  benefit  in  intellectual 
work.  The  capacity  for  physical  exertion  is  also  augmented,  as  has 
been  demonstrated  repeatedly  by  soldiers  on  the  march,  and  more 
recently  by  more  exact  experiments  with  the  ergograph.  The  stimu- 
lation of  the  higher  nervous  centres  is  oftoi  evidenced  by  the  insomnia 
and  restlesmess  which  in  many  people  follow  indulgence  in  coffee  or 
tea  late  at  night.  Kraepelin  has  investigated  the  effects  of  caffeine 
from  the  psychological  point  of  view,  and  finds  that  both  tea  and 
«offee  facilitate  the  reception  of  sensory  impressions  and  also  the  asso- 
ciation of  ideas,  especially  in  fatigue,  while  the  transformation  of 
intellectual  conceptions  into  actual  movements  is  retarded.  This  he 
regards  as  due  to  stimulation  of  the  highest  or  controlling  functions  of 
the  brain,  caffeine  acting  on  the  same  parts  as  are  first  affected  by 
alcohol  and  the  methane  derivatives,  but  altering  them  in  the  opposite 
direction.  The  effects  of  caffeine  on  the  acuteness  of  the  senses  has 
been  demonstrated  by  the  greater  accuracy  of  touch  under  its  influence. 

Large  quantities  of  caffeine  often  cause  headache  and  some  confu- 
sion, and  in  rare  cases  of  special  susceptibility  a  mild  form  of  delirium 
may  be  elicited,  or  noises  in  the  ears  and  flashes  of  light  may  indicate 
derangement  of  the  special  senses.  The  pulse  is  quickened,  and  occa- 
sionally Ptlr'^ft*'""  ^^^  ungaaisgas  in  the  region  of  the  heart  are 
complained  of.  Convulsive  movements  of  the  muscles  of  the  hand 
and  tremor  in  different  parts  of  the  body  have  also  been  recorded  in 
some  cases.  These  effects  are  induced  only  with  difficulty  in  habitual 
drinkers  of  tea  or  coffee,  so  that  the  continued  administration  of  small 
quantities  of  caffeine  evidently  gives  rise  to  toleranca 

The  symptoms  induced  by  caffeine  in  the  lower  mammals  are  due 
for  the  most  part  to  its  acting  on  the  spinal  cord  in  the  same  way  as 
fltrycbnine,  though  small  doses  may  act  on  the  brain,  for  they  often 
elicit  restlessness  and  timidity  without  any  marked  change  in  the  reflex 
excitability.  The  centres  in  the  medulla  oblongata  are  also  involved 
in  the  effects,  as  is  indicated  by  a  rise  in  the  blood-pressure  from 
stimulation  of  the  vasomotor  centre,  acceleration  of  the  breathing,  and 
occasionally  some  slowness  of  the  pulse  from  action  on  the  respiratory 
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and  pneumogflstric  centres.  The  intracranial  blood  vessels  are  said 
to  be  dilated. 

Frogs  sbow  no  nervous  symptoms  that  cannot  be  ascribed  to  action 
on  the  spinal  cord,  and  In  some  species  these  are  elicited  with  con- 
aiderable  difficulty  owing  to  the  muscular  action  described  below. 

On  comparing  the  effects  of  caffeine  and  strychnine  on  the  central 
nervous  system  it  will  be  found  that  while  there  is  a  general  simi- 
larity in  their  action,  the  latter  causes  more  marked  stimulation  of 
the  lower  divisions  and  has  less  action  on  the  cerebrum  in  mammals 
and  man.  They  both  produce  a  general  increase  in  the  activity  of 
nerve  cells,  but  caffeine  notn  mnrp  nn  thp.  paychitfalj  strychnine  more 
.on  the  vital  and  reflex  functions. 

Xlieophyliine  resembles  caffeine  in  its  action  on  the  central  nervoTis 
system,  while  theobromine  induces  few  or  no  symptoms  of  stimulation. 
The  monomethyl-xanthines  and  xanthine  itself  stimulate  the  central 
nervous  system  in  the  frog  (Schmiedeberg). 

The  BCnBcalar  action  of  caffeine  is  best  seen  in  the  Bana  temporaria 
(grass  frog),  although  it  is  also  induced  in  other  species  of  frogs,  and 
some  rigidity  may  be  elicited  in  mammals  by  very  lai^  doses.  When 
a  few  drops  of  caffeine  are  injected  into  the  leg  of  a  frog  there  follows 
a  peculiar  stiffness  and  hardness  in  the  muscles  around  the  point  of 
injection,  which  slowly  spreads  to  other  parts  of  the  body  and  induces 
the  appearance  of  rigor  mortis.  The  same  effect  is  observed  when 
teased  muscle  fibres  are  subjected  to  a  caffeine  solution  under  a  high- 
power  microscope.  The  fibres  contract,  become  white  and  opaque,  and 
look  stiff  and  inflexible ;  the  transverse  strife  disappear,  while  the  longi- 
tudinal become  more  easily  visible  (Pig.  22),     This  appearance  ia 


A  mnicalar  fibre  of  th«  ttog  (blfbl?  masnlfled).    A,  oanuKl:  B,  after  tbe  tppUotlDo 
of  eaSelne  aolDlloo.     T&e  coarHe  itrla  Id  B  are  the  folds  of  the  aBrcolemma. 

due  to  the  death  and  rigor  mortis  of  the  fibres.  Fiirth  states  that  the 
myt^^  of  muscle  is  formed  into  myc^enfibrin  and  coagulated  by  the 
addition  of  caffeine  to  its  solutions  outside  the  body,  so  that  the  rigor 
induced  by  caffeine  seems  due  to  a  comparatively  simple  reaction 
between  the  poison  and  the  proteins  of  the  mnscle  fibre. 

In  small  quantities  caffeine  increases  the  irritability  of  muscle  as 
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well  as  ita  absolute  strength  and  extensibility,  tbat  is,  the  muscle  con- 
tracts on  a  weaker  stimulus  and  against  a  greater  load  than  it  does 
normally.  The  amount  of  work  done  before  fatigue  sets  in  is  also 
increased,  unless  when  large  quantities  are  applied,  when  the  capacity 
for  work  is  lessened;  and  with  the  first  appearance  of  rigor  it  ceases 
to  react  to  stimuli  altogether.  Sobieranski  has  recently  shown  that  in 
ordinary  doses  caffeine  increases  the  work  done  by  the  human  muscles 
when  they  are  stimulated  by  electric  shocks.  The  universally  recog- 
nized effect  of  tea  and  coffee  in  increasing  the  capability  for  physical 
work  and  in  relieving  fatigue  has  generally  been  regarded  as  due  to 
changes  in  the  nerve  cells,  but  according  to  Kraepelin  and  others  is 
really  of  peripheral  origin  and  explained  by  the  direct  action  on  the 
muscle.  While  the  action  of  theobromine  on  the  central  nervous  sys- 
tem is  much  leas  marked  than  that  of  caffeine,  muscle  enters  into  rigor 
after  the  former  more  readily,  and  xanthine  exceeds  even  theobromine 
in  its  power  to  produce  this  change. 

The  action  of  caffeine  on  the  OirculfttioB  is  exerted  in  two  directions, 
on  the  vasomotor  centre  in  tbe  medulla  and  on  the  heart  itself.  Along 
with  the  rest  of  the  central  nervous  system,  the  vasomotor  area  under- 
goes stimulation  and  the  smaller  arteries  are  therefore  contracted, 
causing  a  rise  in  the  arterial  pressure. 


TraciDg  of  tbe  ventricle  of  tbe  dog's  beail :  A,  normal ;  B,  Bfter  CBlIetne.  Tbe  lever 
moves  upwards  during  ejstole.  downwBrds  daring  dlmtole.  Tbe  only  alteration  eaosed 
br  cafTelne  Is  acceleration.  Tbe  sllgbttr  larger  eicuraton  In  diastole  In  B  Is  mechuiJeal. 
(Contrast  tracings  under  illgltalU.) 

In  the  frog's  heart  caffeine  in  very  small  quantities  is  found  to 
increase  the  absolute  strength,  that  is,  the  heart  contracts  against  a 
greater  aortic  pressure  than  it  would  normally,  and  at  the  same  time 
the  amount  of  blood  expelled  by  each  beat  is  slightly  increased.  The 
rhythm  is  generally  somewhat  accelerated  bj  small  doses,  but  this 
effect  is  often  of  very  short  duration.  On  the  absorption  of  larger 
quantities,   the  heart  first  becomes  slower  and  its  volume  smaller, 
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then  the  apex  ceases  to  relax  with  the  rest  of  the  ventricle  and 
remaina  wMte  and  contracted,  and  eventually  the  whole  heart  passes 
into  a  condition  of  rigor  exactly  resembling  that  seen  in  the  skeletal 
muscles. 

When  moderate  quantities  of  caffeine  are  injected  intravenously  in 
mammals,  the  heart  is  accelerated,  without  any  marked  change  in  the 
extent  of  systole  or  diastole.  The  increased  rate  is  independent  of 
any  action  on  the  regulatory  mechanism  of  the  heart,  for  it  is  seen  in 
hearts  in  which  the  accelerans  has  been  cut  and  the  inhibitory  appa- 
ratus paralyzed  by  atropine.  It  is  probably  due  to  direct  action  on 
the  heart  muscle,  for,  as  has  been  stated,  an  analogous  increase  in  irri- 
tability occurs  in  voluntary  muscle.  The  increased  irritability  of  the 
cardiac  muscle  also  accounts  for  the  fact  that  stimulation  of  the  vagus 
is  followed  by  less  slowing  of  the  heart  after  caffeine  than  before  its 
administration.  In  man  the  heart  rhythm  is  often  found  slower  after 
caffeine,  and  this  appears  to  be  due  to  stimulation  of  the  inhibitory 
centre  in  the  medulla  oblongata,  the  increased  inhibition  proving  more 
than  sufficient  to  counterbalance  the  acceleration  which  would  arise 
from  the  direct  action  of  the  caffeine  on  the  heart  muscle.  And  it 
seems  unlikely  that  sufficient  caffeine  ever  reaches  the  heart  in  man 
t»  cause  the  very  rapid  beat  which  is  elicited  in  experiments  in  ani- 
mals. Similarly,  the  weakness  and  irregularity  of  the  heart  which 
foUovrs  the  intravenous  injection  of  large  quantities  of  caffeine  in 
animals,  does  not  occur  in  man.  Sometimes  palpitation  is  complained 
of  from  excessive  coffee  or  tea  drinking,  but  this  may  rather  be 
ascribed  to  the  increased  activity  of  the  inhibitory  apparatus  than  to 
the  stimulation  of  the  cardiac  muscle,  though  this  cannot  be  excluded 
altogether.  The  increased  rate  of  the  heart  in  animals  is  not  always 
accompanied  by  an  increase  in  the  amount  of  blood  expelled  in  a  unit 
of  time  (Bock),  although  this  is  often  the  case.  Apparently  the  con- 
tractions of  the  ventricle  follow  each  other  so  rapidly  that  the  time  is 
often  insufficient  for  the  inflow  of  the  usual  amount  of  blood.  The 
increase  in  the  blood-pressure  under  caffeine  is  therefore  to  he  ascribed 
for  the  most  part  to  the  action  on  the  vasomotor  centre,  although  not 
infrequently  this  is  supplemented  by  an  increased  efficiency  of  the 
heart.  Theobromine  and  xanthine  possessing  but  little  action  in  the 
vasomotor  centre,  scarcely  raise  the  blood-pressure  although  they  have 
the  same  effect  on  the  heart  as  caffeine.  Some  increase  in  the  flow 
through  the  coronary  vessels  is  sometimes  seen  under  caffeine  and 
more  especially  under  theobromine,  but  it  is  not  determined  whether 
this  is  due  to  a  direct  action  on  these  vessels  or  to  the  increased  activity 
of  the  heart. 

The  Bsspiratlon  is  quickened  and  strengthened  by  caffeine,  owing  to 
a  stimulant  action  on  the  medullary  centre.  This  is  seen  in  the  im- 
provement of  the  respiration  in  cases  of  dangerous  poisoning  with 
alcohol,  opium  and  other  drugs  which  prove  fatal  by  depressing  the 
centre,  but  is  much  less  marked  in  normal  animals. 

The  Tempsrstnrfl  has  been  found  to  be  raised  by  caffeine  through  its 
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action  on  the  nervons  centres  and  perhaps  on  the  muscles.  The  in- 
crease is,  however,  comparatively  insignificant  (0.5-1°  C.)  and  ia  seen 
only  in  cases  in  which  an  almost  poi- 
sonous dose  has  been  used. 

The  Alimentary  Tract  is  not  affected 
by  caffeine,  but  after  theobromine  dis- 
comfort and  loss  of  appetite  are  aome- 
timea  complained  of,  probably  owing  to 
changes  in  the  gastric  mucous  -  mem- 
brane. These  are  much  more  marked 
after  even  small  dosee  of  theophylline, 
and  small  hiemorrhages  and  erosions 
have  been  found  in  the  stomach,  both  in 
man  and  animals  (AUard). 

Kidn^. — The  most  important  prop- 
erty of  caffeine  from  a  therapeutic  point 
of  view  is  its  power  of  increasing  the 
Becretion  of  urine.  It  is  an  everyday 
experience  that  strong  coffee  or  tea  in- 
creases the  urine  to  a  much  greater 
extent  than  the  same  amount  of  water, 
and  this  has  been  shown  to  be  due  to  the 
caffeine  contained  in  these  beverages. 
It  is  still  disputed  how  caffeine  causes 
diuresis,  for  while  the  most  generally 
accepted  view  is  that  of  Schroeder,  that 
caffeine  acts  directly  on  the  renal  ceUs, 
some  investigators  hold  that  the  in- 
creased urinary  secretion  is  due  to  local 
changes  in  the  renal  circulation.  As 
a  general  rule  the  vessels  are  dilated 
and  the  kidney  volume  is  enlarged  dur- 
ing caffeine  diuresis,  but  this  may  be 
merely  an  accompaniment  and  not  the 
cause  of  the  increased  activity.  The 
experiments  of  Cullis  indicate  that  in 
the  frog,  and  presumably  also  in  mam- 
mals, the  diuresis  ia  due  to  changes  in 
the  renal  tubules,  for  it  continues  after 
the  blood  supply  to  the  glomeruli  is  cut 
off.  In  any  case  the  diuresis  is  due  toa 
changes  within  the  organ,  and  is  quitel 
independent  of  the  action  of  the  drugl 
in  other  parts  of  the  body.  These  mayl 
in  fact  counteract  the  real  action  and 
prevent  the  diuresis,  through  stimula- 
tion of  the  vaso-constrictor  centre,  which  retards  the  circulation  in 
the  kidney  and  lessens  the  amount  of  fluid  reaching  the  renal  oelI» 
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(Schroeder).  This  inhibitory  action  of  the  vaaomotor  centre  may  he 
eliminated  hy  such  medullary  depressants  as  chloral,  under  which  the 
caffeine  diuresis  may  be  elicited  with  much  greater  certainty.  Theo- 
hromine  has  a  more  constant  effect  on  the  kidney  and  causes  even 
greater  activity  in  that  oi^an  than  caffeine,  and  this  was  explained  by 
Schroeder  as  being  due  to  its  having  little  or  no  stimulant  effect  on 
the  vaso-constrictor  centre.  Theophylline  appears  to  increase  the 
urine  more  than  any  other  of  the  group,  with  the  possible  exception 
of  parjutanthine. 

In  the  caffeine  diuresis  the  fluid  pert  of  the  urine  is  increased  chiefiy, 
but  the  solids  also  undergo  an  augmentation,  though  not  to  the  same 
extent.  Among  the  solids  the  chief  increase  is  seen  in  the  sodium 
chloride,  the  nitrogenous  constituents  undergoing  less  alteration, 
although  they  also  rise  in  amount;  a  small  amount  of  sugar  is  often 
found  in  the  urine,  more  especially  if  the  food  has  contained  large 
quantities  of  sugar-forming  substances,  but  this  glycosuria  is  probably 
due  merely  to  the  large  quantities  of  fluid  sweeping  some  of  the  sugar 
of  the  blood  along  with  it,  and  does  not  indicate  any  dangerous  altera- 
tion in  the  renal  epithelium  or  in  the  metabolism. 

The  excretion  of  large  quantities  of  fluid  in  the  urine  is,  of  course, 
accompanied  by  a  diminution  of  the  fluids  of  the  blood,  but  the  latter 
soon  recuperates  itself  from  the  tissues.  If  there  is  any  accumulation 
of  liquid,  such  as  cedema,  it  is  drained  into  the  blood  to  replace  the 
fluid  thrown  out  by  the  kidney,  and  caffeine  may  accordingly  be  used 
t^f  T<m>oT«'  rodpTrm  or  dropsy  in  this  way.  If  no  such  accumulation 
exists,  the  blood  draws  on  the  fluids  of  the  intestine  and  stomach,  and 
their  withdrawal  leads  to  the  sensation  of  thirst.  As  a  diuretic, 
caffeine  is  distinctly  inferior  to  theobromine;  in  the  first  place  because 
the  diuresis  is  less  certain  and  is  often  accompanied  by  nervous  symp- 
toms— sleeplessness  and  restlessness;  and  secondly  because  the  increase 
in  the  secretion  is  smaller  and  lasts  for  a  shorter  time. 

BKcretton. — Caffeine  is  excreted  in  the  urine  to  a  very  small  extent 
as  such.  During  its  passage  through  the  body  it  loses  ita  methyl 
groups  and  first  becomes  dimethyl-  and  then  monomethylxanthine. 
Eventually  xanthine  is  formed  and  this  probably  breaks  up  into  urea. 
In  the  urine  are  found  small  quantities  of  the  nnchanged  drug,  accom- 
panied by  larger  quantities  of  dimethylxanthine  and  monomethylxan- 
thine. After  theobromine  and  theophylline  some  of  the  unchanged 
drug  is  foimd  in  the  urine  along  with  monomethylxanthinB.  The 
uric  acid  of  the  urine  is  not  increased  by  any  of  these  drugs. 

The  exact  order  in  which  the  methyl  groups  are  lost  in  tbe  tissues  ap- 
pears to  differ  in  different  animals;  in  the  dog  all  three  isomeric  dimethjl- 
xanthines  are  formed  from  caffeine  and  after  large  doses  appear  in  the  urine, 
although  theophylline  predominates,  while  in  the  rabbit  and  in  man  para- 
xanthine  is  formed  in  larger  amounts.  The  monomethylxanthines  are  qlso 
exereted  in  different  proportions  in  different  animals,  heteroxaathine  pre- 
vailing in  man  and  the  rabbit 
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Tolennca. — A  certain  degree  of  tolerance  is  acquired  from  the  pro- 
longed use  of  coffee,  tea  or  chocolate,  aa  is  shown  by  the  absence  of 
diuresis.  Apparently  the  caffeine  and  its  allies  undergo  more  rapid 
destruction,  but  this  does  not  explain  the  tolerance  completely,  for 
even  after  prolonged  administration  large  quantities  of  these  bodies 
may  be  obtained  from  the  tiaaues,  which  must  have  ceased  to  react  to 
them,  as  well  aa  learning  to  destroy  them  more  rapidly  than  normally. 
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CuTEnTA  (TJ.  S,  P.,  B.  P.)>  longi  white,  silky  crvBtalBf  without  odor,  bat 
~     jtosaessing  a  bitter  taste,  but  U^tle  solnble  in  cold  water,  more  bo  in  alcohol, 
'  '■^Vstil'  mo"  M  '^  boiling  water.  T).(J!>-U.3  t)."(T-i  0k.). 

Caffeina  Citrata   (U.  S.  P.),  Caffeine  Citras   (B.  P.),  a  white  powder, 
consiEting  of  a  weak  chemical  combination  of  citric  acid  and  caffeine.     It  is 
^  -a-«f»^fiwr|pipnB«1    hj   nnittiipi    with   more   than    3    parts    of   water.     0.1-05   G. 
(2-8  gra.). 

Caffeina  Citrata  Efferveaeena    (U.  S.  P.),  Caffeina  Citraa  Efferveacena 

I  (B.  P.),  a  mixture  of  eitrated  caffeine  with  sodium  bicarbonate,  tartaric  acid 

0^0  add  Bagar.     On  throwing  the  powder  in  water  it  effervesces,  owing  to  the 

'  acids  acting  on  the  bicarbonate  and  liberating  carbonic  acid.     This  prepara- 

4^  tion  contains  only  2  per  cent,  of  caffeine.     Dobc,  4  G.  (60  grs.). 

7^  Caffeine  is  best  prescribed  either  in  powder  or  in  tablets.    It  may  also  be 

^ven  in  water  with  salicylate  of  soda,  which  aids  its  solution. 

'^gfQfiBdvnfX  ( unofficial j  is  a  crystalline  powder  even  less  soluble  than 

caffeine,  and  is  absorbed  with  difQculty  when  given  alone.     It  is  generally 

^^^-^.t^  prescribed  in  doses  of  0.5  G.  (8  gis.)  three  times  a  day,  but  larger  quantities 

^^     *      may  be  given.     Solutions  of  aalicylate  of  soda  dissolve  it  much  more  readily 

thMi  pure  water.  ^  "  ■ 

T^ffiBETlH^  T*^  Agurine  are  double  salts  of  sodium-theobromine  with  the 
salicylate  and  acetate  of  sodium  respectively  and  are  much  more  soluble  than 
theobromine.  The  dose  is  0.5-1  O.  three  times  a  day,  either  In  powder  form 
or  in  solution. 

Theodne,  an  artificial  theophylline,  is  a  white  crystalline  powder,  slightly 
soluble  in  water.    Dose,  0.2-0.3  Q.  (3-5  grs.)  in  powder  or  tablets. 

Gvarana  (U.  S.  P.),  a  brown  paste  derived  from  the  seeds  of  Paullinia 
Borbilis  and  containing  caffeine  and  theobromine  along  with  some  tannic  acid. 
Numerous  preparations  of  Kola  nut  are  now  put  on  the  market,  but  the 
pure  principles  are  preferable. 

Therap«ntic  Uses. — The  action  of  caffeine  on  the  central  nervous. 
system  has  led  to  its  employment  in  a  number  of  different  conditions. 
Thus,  in  nervous  exhaustion  it  may  be  used  to  stimulate  the  brain,  and 
in  collapse  its  action  on  the  vasomotor  and  respiratory  centres  has  been 
found  of  value — the  blood-pressure  rises,  the  whole  tone  of  the  circu- 
lation ia  improved  and  the  respiration  becomes  quicker  and  less  shal- 
low. In  narcotic  poisoning  with  failing  respiration,  caffeine  may  be 
used  to  stimulate  the  centre  in  place  of  strychnine  or  atropine;  in 
opium  poisoning  more  particularly,  strong  coffee  has  long  been  used, 
but  caffeine  might  be  substituted  with  advantage.  Its  stimulant 
action  on  the  brain,  and  more  especially  on  the  respiration,  renders  it 
an  antidote  in  dangeroua  cases  of  alcoholic  poisoning  also.  Some 
forms  of  migraine  and  headache  are  relieved  by  caffeine,  but  in  others 
it  seems  rather  to  intensify  the  pain ;  this  action  has  been  attributed 
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to  its  dilating  the  cerebral  r^sels.     Eola  preparations  are  often 
advised  as  general  tonics  in  weakness  and  neurasthenia. 

Caffeine  has  been  used  largely  for  its  action  on  the  heart  and  ia 
often  said  to  he  a  substitute  for  digitalis,  though  as  a  matter  of  fact, 
it  cannot  replace  the  latter,  the  action  of  the  two  on  the  heart  being 
entirely  dissimilar.  In  cases  of  heart  weakness  without  marked  dila- 
tation and  incompetency  of  the  valves,  it  may  be  of  service  as  it 
increases  the  activity  of  the  ventricle,  but  its  reputation  in  oases  of 
cardiac  disease  is  due  mainly  to  the  removal  of  dropsy  through  its 
diuretic  action.  The  contraction  of  the  arterioles  following  the  use 
of  caffeine  may  also  be  of  service  in  feeble  action  of  the  heart. 

In  their  action  on  the  kidney  the  members  of  the  caffeine  series  I 
stand  preeminent,  no  other  drug  producing  snch  a  copious  flow  of  urine  I 
as  either  caffeine  or  theobromine.     As  has  been  explained  already,  the  I 
latter  is  to  be  preferred  to  caffeine  as  a  diuretic,  and  may  be  used  in  I 
all  cases  in  which  there  is  a  pathological  accumulation  of  fluid  in  the   I 
body,  whether  of  cardiac,  hepatic  or  rptinl  nripHTi.     The  results  are 
most  brilliant,  however,  in  cases  o^  cardiac  dropsy,  and  here  it  may 
be  prescribed  along  with  one  of  the  digitalis  series.     It  must  be  em- 
phasized, however,  that  in  these  cases  it  cannot  supplant  digitalis,  but 
merely  aids  in  the  removal  of  the  fluid  which  is  obstructing  the  cir- 
colation  by  its  pressure,  while  digitalis  relieves  the  dilatation  of  the 
heart.     In  cases  of  hepatic  dropsy,  caffeine  and  theobromine  have  also 
proved  of  service,  although  here  the  treatment  can  only  be  considered 
palliative.     In  renal  dropsy  theobromine  has  been  used  with  somewhat 
variable  results ;  it  does  not  seem  to  increase  the  albumin  in  the  urine, 
but  not  infrequently  little  or  no  diuresis  follows  its  administration. 
This  is  only  to  be  expected  where  the  renal  cells  are  in  such  a  condition 
as  to  be  incapable  of  stimulation.     Where  the  disease  is  less  developed 
the  members  of  this  series  produce  the  usual  increase  in  the  secretion. 

Inflammatory  effusions  do  not  seem  to  be  lessened  to  any  marked 
extent  by  either  caffeine  or  theobromine. 

Theobromine  in  very  large  doses  has  been  found  to  produce  nausea 
and  loss  of  appetite  when  taken  for  long,  but  in  ordinary  quantities  it 
produces  no  symptoms  save  diuresis.  Theocine  has  undoubtedly 
greater  diuretic  power  than  either  caffeine  or  theobromine,  and  has 
been  largely  advertised  for  the  treatment  of  dropsy.  In  a  large  pro- 
portion of  cases  it  causes  marked  disturbance  of  the  digestive  organs, 
however,  and  in  several  instances  epileptiform  convulsions  have  fol- 
lowed its  use. 

OofTee  and  Tea. 

Ooffea  is  not  used  in  medicine,  but  in  view  of  its  immense  dietetic 
importance  it  may  be  mentioned  here  in  what  respects  it  differs  from 
the  pure  caffeine.  The  coffee  bean  contains  about  two  third  per  cent 
caffeine,  and  the  roasting  does  not  seem  to  reduce  the  percentage  at 
all,  as  was  formerly  supposed,  and  since  almost  all  the  caffeine  is 
extracted  by  the  ordinary  cuhnary  preparation,  a  cup  of  coffee  con- 
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tains  from  0.1-0.2  G.  (1^8  gis.)  of  caffeine.  Alcmg  with  the  caffeine 
there  are  extracted  a  number  of  other  snbstancee,  the  most  important 
of  which  are  volatile  sabatances,  such  as  furfuralcohol,  produced  by 
the  roasting;  these  have  been  called  Coffeon  and  resemble  in  their 
action  the  volatile  oils. 

T«*  contains  a  larger  percentage  of  caffeine  (abont  1^2  per  cent.), 
but  as  less  tea  is  used  than  coffee,  each  cup  may  be  considered  to  con- 
tain 0.1-0.2  G-.  (1^3  gra.).  In  green  tea  there  is  a  considerable 
quantity  of  a  volatile  oil  which  also  p&sses  into  the  infusion,  but  this 
is  not  present  in  black  tea,  owing  to  the  greater  heat  used  in  its  manu- 
facture. Both  black  and  green  tea  contain  about  7  per  cent,  of  tannic 
acid,  but  this  is  only  extracted  slowly.  The  bitter  taste  in  tea  that  has 
been  prepared  too  long  is  due  to  the  tannic  acid  passing  into  solution. 

The  wakefulness  and  the  relief  from  fatigue  which  are  produced 
by  tea  and  coffee  are  undoubtedly  due  to  the  caffeine  contained  in 
them,  and  are  to  be  ascribed  to  the  central  action  chiefly,  although 
its  action  on  the  muscles  may  also  be  of  some  value  here.  On  the 
other  hand,  the  feeling  of  well-being  and  comfort  produced  by  coffee 
after  a  full  meal  is  probably  to  be  explained  by  the  local  action  of  the 
volatile  oil  in  the  stomach.  The  same  result  is  produced  by  prepara- 
tions of  the  other  volatile  oils,  and,  in  fact,  these  are  often  added  to 
coffee  in  the  form  of  brandy  and  other  liqueurs.  Apart  from  this  local 
action,  the  volatile  parts  of  tea  and  coffee  (theon,  coffeon) ,  seem  to  have 
no  effect  whatever  on  the  economy.  In  experiments  on  the  activity 
of  the  digestive  ferments  outside  the  body,  it  is  found  that  caffeine 
increases  slightly  the  rapidity  of  the  process,  but  that  coffee  and  tea 
retard  it  considerably.  In  experiments  in  which  coffee  and  tea  were 
introduced  directly  into  the  stomach  of  animals,  the  former  was  found 
to  cause  a  transient  rise  in  the  secretory  activity,  while  the  latter 
arrested  secretion  at  once ;  but  it  is  possible  that  the  psychical  effect 
of  the  taste  in  man  may  alter  this  effect.  Coffee  is  said  to  increase 
tJie  peristaltic  movements  of  the  intestine,  while  caffeine  has  no  effect 
on  them.  Tea  that  contains  much  tannic  acid  precipitates  the  pep- 
tones and  albumins  of  the  stomach,  and  may  lead  to  chronic  dyspepsia 
and  constipation. 

It  was  formerly  stated  that  coffee  lessened  the  tissue  change  and 
that  it  ought  therefore  to  be  included  among  foods,  and  one  enthusiast 
ev^i  suggested  that  a  diet  of  tea  and  coffee  exclusively  should  be 
served  out  in  the  besieged  fortresses  of  Frailce  in  1870.  It  has  been 
shown  conclusively,  however,  that  far  from  lessening  the  metabolism 
of  the  body,  coffee  and  tea  increase  it,  the  amount  of  urea  and  carbonic 
acid  excreted  being  considerably  augmented  by  their  use.  This  is 
only  to  be  expected  from  the  increased  activity  of  the  nervous  centres, 
which  leads  to  increased  movement  and  increased  consumption. 

Chocolate  contains  theobromine  (0.5-1  per  cent.),  instead  of  caf- 
feine, and  besides  this  a  large  amount  of  fat  (cacao-butter,  15-50  per 
cent.),  starch  and  albumins.  The  theobromine  does  not  possess  the 
stimulant  action  of  caffeine  on  the  nervous  system,  and  chocolate  may 
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therefore  be  taken  where  coffee  or  tea  produces  watefulneas.  The 
starch  and  fat  toe  assimilated  bj  the  tissues  so  that  chocolate  is  a  true 
food.  But  Neumann  finds  that  cocoa  retards  the  absorption  of  the 
proteins  and  fats  of  the  food,  especially  those  forms  of  cocoa  in  which 
the  fat  has  been  partially  removed.  On  the  other  hand,  cffCfiA  with  a. 
TarfMpoTffPTi^^fjp-fl  nf  nil  f^nlnJll  Mm  |_,ii  itrii  mi  ii  (inn  iiinl  innj  {rirn  rinn 
to^  feeling  of  heaviness  and  discomfort  in  the,  stomach.  Its  con- 
tinued  UBB  TB&y  cftTlse  flySpepia,  partly  from  this  cause  and  partly 
from  theobromine  acting  on  tlie  gastric  mucous  membrane.  There  is 
no  question  that  the  food  value  of  cocoa  and  chocolate  is  often  over- 
estimated. It  allays  hunger,  but  this  is  only  in  part  from  its  being 
a  food,  the  local  detrimental  effect  on  the  gastric  mucous  membrane 
tending  to  lessen  appetite. 
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X.  OnSAKA. 
Curara,  woorara,  urari  or  woorali,  is  an  arrow  poison  used  by  the 
natives  of  South  America,  who  prepare  it  by  extracting  various  harks 
and  plfl-Btp-  i'hBplflnfa  iiiWI  seem  to  vary  somewhat  in  different  local- 
ities, but  those  which  produce  the  symptoms  known  as  curara  action 
are  undoubtedly  members  of  the  genus  Strychnoa,  sach  as  S.  toxifera. 
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Different  preparations  of  cnrara  were  found  by  Boehm  to  contain  different^^S^^ 
alkaloids.  That  formerly  obtainable  owed  its  activity  to  Curarine,  bnt  theSubJEv 
enrara  now  exported  contains  Tvboeurarine,  which  resembles  curanne  in  its 
action,  aod  Cvrine,  a  weaker  poison,  which  has  an  entirely  different  effect. 
Another  preparation  examined  by  him  contained  three  alkaloids,  Protoowine, 
Protocuridine  and  Protocurarine,  the  last  of  which  is  the  most  powerful  of 
all  the  cnrara  alkaloids.  Most  of  the  experiments  on  which  the  statements 
r«^:arding  cnrara  action  are  baaed  were  performed  with  the  crude  drug,  but 
the  alkaloids  seem  to  have  a  very  similar  effect,  with  the  exception  of  eurine. 

.  Action. — The  chief  effect  of  curara  is'paralysJB  of  the  Termlnatioiia 

^Hriiy&Jttmf  of  the  Werrea  BuppWw  Striated  MtucI*  or  the  l^nAnral  Junction  uid  it 
thnrpfni-p  iiTrpHf,^  f^\\  rha  vnigntaTT  movementa.  In  the  mammal  the 
muscles  give  way  one  after  the  otner  until  the  animal  lies  helpless  on 
the  ground.  It  can  still  move  its  limbs,  but  cannot  recover  its  ordi- 
nary position,  and  soon  the  limbs  become  totally  paralyzed  and  the 
rpBpjratnry  nvivpmfTit"  ■'i""'^  pa~;°t^  although  fhey  too  are  slow,  weak 
and  ierky.  Eventually  the  respiration  ceases  also  and  asphyxia  fol- 
lows, hut  is  not  beli'ayed  by  tlie  usual  convulsions,  owing  to  the  motor 
impulses  being  unable  to  reach  the  muscles.  The  blood,  however, 
becomes  venous,  and  the  heart  soon  fails  from  the  asphyxia  and  not 
through  the  direct  action  oi  the  poison. 

In  the  frog  similar  symptoms  are  seen,  but  here  the  arrest  of  the 
respiration  is  not  necessarily  fatal,  as  the  skin  carries  on  tlie  exchange 
of  gases,  and  recovery  not  infrequently  occurs  after  two  or  even  five 
days  of  complete  paralysis.  The  cause  of  the  curara  paralysis  was 
demonstrated  by  the  classical  researches  of  Claude  Bernard  and  Kolli- 
ker.  If  the  sciatic  nerve  of  the  frog  be  stimulated  during  the  para- 
lysis no  movement  follows,  hut  if  the  artery  of  one  leg  be  ligatured 
before  the  application  of  the  poison  this  limb  remains  unparalyzed 
and  reacts  to  reflex  irritation,  while  the  rest  of  the  body  is  perfectly 
motionless.  These  facts  can  only  be  interpreted  in  one  way;  the 
paralysis  is  peripheral  and  not  central,  and  may,  therefore,  be  due  to 
action  either  on  the  muscle,  the  nerve  trunks,  or  the  intermediate 
structures.  That  it  is  not  due  to  the  muscle  is  shown  by  the  fact  that 
direct  stimulation  causes  the  same  movement  as  usual.  On  the  otiier 
hand,  in  the  experiment  in  which  the  artery  is  ligatured,  stimulation 
of  the  nerves  above  the  ligature,  that  is,  where  the  poison  has  access 
to  the  nerve  fibres,  causes  contraction,  so  that  the  nerve  trunks  do  not 
seem  affected.  This  may  be  shown  in  another  way ;  if  a  nerve-muscle 
preparation  be  made  and  the  nerve  be  laid  in  a  solution  of  curara,  con- 
traction of  the  muscle  still  occurs  on  stimulation  of  the  nerve,  but  if 
the  muscle  be  laid  in  the  curara  solution  stimulation  of  the  nerve  has 
no  effect,  while  direct  stimulation  still  causes  contraction.     Curara 

(therefore  acts  on  the  conupotion  between  the  nerve  and  muscle  within 
the  muscle  itself  and  paralyzes  it  without  previous  stimulation. 

Action  on  Nerve-ends. — Since  the  investigations  of  Bemaril  and 
Kolliker,  the  action  of  curara  has  been  known  to  be  peripheral,  and 
it  has  been  tacitly  accepted  that  it  could  be  localized  in  the  anatomical 
structure  known  as  the  motor  end-plates,  and  this  belief  has  unques- 
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tionably  influenced  the  views  as  to  the  site  of  action  of  other  alkaloids, 
such  as  atropine  and  adrenaline.  Of  late  ;earB  facts  have  been  accu- 
molating  which  seemed  difficult  to  reconcile  with  this  view,  and  Lan^ 
ley  has  recently  shaken  its  foundations  hy  showing  that  curara  con- 
tinues to  act  otter  the  muscle  plate  has  lost  its  function.  For  the 
action  of  nicotine  on  the  muscles  is  opposed  by  curara,  not  only  in 
normal  muscles,  but  also  in  those  in  which  the  nerves  and  nerve-endings 
have  degenerated  through  section.  The  action  of  curara  here  must  hem 
eieded.  not  jn  the  end-plate,  but  on  aomS Tltidegene rated  substance,! 
which  has  hftPTi  t^rmpri  renpptivp  Hiibstanc^  or  receptor^  and  is  believed  f 
by  Langley  to  be  in  close  connection  with  the  actual  contractile  sub-  \ 
stance  of  the  muscle  fibre.  The  impulse  from  the  nerve  must  be 
transmitted  to  the  latter  through  this  receptor,  for  otherwise  the  curara 
paralysis  would  he  inexplicable,  and  the  contractile  substance  must 
be  capable  of  action  after  the  receptor  is  paralyzed  by  curara.  The 
new  facts  are  unquestionable,  and,  although  the  old  nomenclature  of 
"nerve-ends'*  may  be  maintained  until  the  position  is  further  devel- 
oped, this  is  only  possible  on  the  understanding  that  it  does  not  indi- 
cate the  actual  anatomical  nerve  plate,  but  some  body  which  does  not 
degenerate  with  the  nerve  and  is  therefore  peripheral  to  the  true 
nerve  plate  and  pertains  to  the  muscle. 

Here,  perhaps,  better  than  elsewhere  it  can  be  shown  that  the  condition 
of"  paralyais  ".produced  by  poisons  is  analoj^us  to  that  termed  by  physiol- 
ogiats  "fatigne."  It  is  known  that  on  stimalatiQg  a  nerve  rapidly  by  elec- 
tric ahocks,  or  otherwise,  the  muscle  at  first  contracts  with  every  stimulation,, 
hat  eventually  ceases  to  respond,  owing  to  "fatigue"  of  the  nerve  endSr 
that  is,  to  their  inability  to  transmit  impulses  from  the  nerve  to  the  mnscle. 
If  now  the  response  to  nerve  Btimalation  of  a  mnscle  to  which  a  niiniita 
quantity  of  curarine  has  been  applied,  be  ooppared  with  that  of  a  normal 
one,  it  is  found  that  the  poisoned  one  ceases  to  respond  much  sooner  than 
the  other — i,  «,,  its  nerve  ends  become  fatigued  much  sooner.  The  more  cu- 
rara is  applied,  the  sooner  does  it  fatigue,  until  at  last  no  response  at  all  can 
be  elicited  from  it.  The  "  paralysis "  of  the  nerve  terminations  by  curara 
then  is  of  the  same  nature  as  phyaiological  "  fatigne,"  and  other  conditions 
of  "  paralysis "  are  also  analogous  to  those  produced  by  over-stimulation, 
though  the  exact  condition  of  the  paralyzed  organ  may  not  be  the  same  as  the 
fatigoed  one.  Thus  there  is  some  reason  to  suppose  that  in  the  curarized 
teiminations  the  substance  which  is  normally  consumed  in  transmission  is 
present,  but  in  a  form  which  cannot  be  utilized,  while  in  fatigue  it  has  all 
been  exhausted  by  the  impulses  which  have  already  passed  through. 

Curara  paralyzes  very  readily  the  terminations  of  nerves  in  all  i 
striped  muscular  tissue  except  the  heart.  The  nerves  first  affected  I 
are  those  of  the  short  muscles  of  the  toes,  ear  and  eye,  later  those  sup-  / 
plying  the  limbs,  head  and  neck,  and,  last  of  all,  those  supplying/ 
the  muscles  of  respiration.  At  first  slight  movements  can  be  per-J 
formed,  because  Bingle  impulses  can  pass  through  the  nerve  endsJ 
but  sustained  contractions  such  as  are  necessary  to  preserve  the  equif 
librium,  cannot  be  maintained,  and  the  animal  therefore  falls.  Th« 
intermittent  impulses  to  the  respiratory  muscles  still  allow  time  in  the) 
interval  for  the  recovery  of  the  terminations,  but  as  the  intoxication! 
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proceeds  the  number  of  impulses  which  can  pass  through  becomes 
fewer  and  fewer,  and  the  movement  therefore  assumes  more  and  more 
the  character  of  a  jerk.  Eventually  total  paralysis  sets  in  and,  unless 
artificial  respiration  is  carried  on,  asphyxia  follows.  Small  doses  of 
Kurara  do  not  aflfect  the  innervation  of  unstriped  muscle,  and  the 
Btrict  demarcation  of  its  action  is  seen  very  distinctly  in  oi^ans  which 
Consist  partly  of  striated  and  partly  of  unstriated  fibres.  Thus  in  the 
<B6ophagus,  the  striated  muscle  fibres  no  longer  contract  on  stimulation 
of  the  vagus  after  curara,  while  the  unstriated  continue  to  respond  as 
usual.  In  the  iris  of  the  mammals,  which  consists  of  tmstriated 
muscle,  curara  has  no  effect,  while  the  striated  muscle  of  the  bird's 
iris  ceases  to  respond  to  stimulation  of  the  motor  oculi,  but  contracts 
on  direct  stimulation.  The  t"rniiTlllt''""°  "*  Thfi  ""'•^'^  inj^^o  heart 
are  not  affected,  as  the  cardiac  fibre  is  not  of  the  same  character  as^the 
orJinary  striated  one,  but  the  nerves  of  the  lymph  hearts  of  the  frog 
are  paralyzed,  these  organs  consisting  of  ordinary  striated  muscle. 
Curiously  enough,  it  has  been  found  that  curara  does  not  act  on  the 
^  terminations  of  the  motor  nerves  supplying  the  electrical  organ  of  the 
*  torpedo,  although  this  organ  is  analogous  to  striated  muscle  in  many 
respects.  The  nerve  ends  in  striated  muscle. in  invert^rbratea  also 
appears  to  be  immune"TtH!fqftfra  ^ritraubjl  ^ 

The  nerve  fibres  eecm  ^"jynffpp^pij  hy  i^iimrHj  for  stimulation  causee 
the  usual  electricSTTdlanges  in  them  after  it.  The  action  of  curara  on 
die  muscle  fibres  has  been  a  good  deal  disputed,  many  authorities 
denying  that  any  alteration  whatsoever  occurs,  while  others  assert  that 
flight  modifications  may  be  observed. 

When  larger  quantities  of  curara  or  curarine  are  injected,  several 
t)tlier  organs  are  affected.  Thus  the  Peripheral  OangUa  cease  to  trans- 
mit impulses,  and  hence  stimulation  of  the  nerves  central  to  them  has 
little  or  no  effect.  In  this  way  the  stimulation  of  the  vagus  in  the 
neck  produces  no  slowing  of  the  heart,  because  the  impulses  can  no 
longer  pass  through  the  ganglionic  structures  on  the  course  of  the 
fibres,  and  stimulation  of  several  secretory  nerves,  such  as  the  chorda 
tympani,  has  no  effect  on  the  secretion.  The  sympathetic  ganglia  are 
also  paralyzed  by  nicotine,  which  differs  from  curara  in  stimulating 
them  previously,  and  also  in  attacking  the  ganglia  before  it  affects  the 
endings  in  muscle. 

Large  quantities  of  curara  are  often  said  to  paralyze  the  nerve 
terminations  in  unstriated  muscle,  but  this  has  never  been  satisfac- 
torily proved,  all  the  symptoms  quoted  to  show  this  effect  being  ex- 
plained by  the  paralysis  of  the  sympathetic  ganglia,  which  undoubt- 
edly occurs. 

Curara,  then,  first  paralyzes  the  terminations  of  efferent  or  cen- 
trifugal nerves  in  voluntary  muscle,  and  in  larger  quantities  the 
ganglia  (cf.  Nicotine).  The  peripheral  terminations  of  the  afferent 
or  sensory  nerves  seem  unaffected,  for  if  the  artery  of  one  leg  be  liga- 
tured before  the  application  of  curara,  reflex  movements  may  be 
obtained  in  it  from  stimulation  of  any  part  of  the  body,  while  if  the 
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sensory  terminations  were  paralyzed  redexea  could  be  elicited  only 
by  the  irritation  of  parts  to  which  the  poison  had  not  penetrated,  i.  e., 
from  the  ligatured  leg. 

Very  large  quantities  of  curarine  are  said  by  Tillie  to  cause  a  stim- 
ulation of  die  Oestral  Kemiiw  Systom  resembling  that  described  under 
strychnine.  In  ordinary  poisoning,  however,  no  evidence  df  this 
stimulation  is  shown,  as,  although  an  increased  number  of  impulses 
may  be  sent  out,  they  cannot  reach  the  peripheral  organs,  owing  to  the 
paralysis  of  the  transmitting  apparatus. 

The  Heart  does  nQt^seem  to  be  acted  on  directly  by  ordinary  quan- 
tities of  curarine,  "^d  me  eirculaiion  is  left  intact  long  after  the 
respiratory  nerves  have  been  paralyzed.  Large  quantities  preventi 
the  inhibitory  action  of  the  vagus,  and  ,the  pulse  is  consequently/ 
quickened,  but  the  blood-pressure  often  begins  to  fall  at  the  same  timeJ 
owing  to  the  dilatation  of  the  peripheral  arteries  through  paralysis  of\ 
the  ganglia  oa  the  course  of  the  constrictor  nerves.  After  curara  and 
curarine  the  movements  of  the  Intestines  are  said  to  be  increased. 
This  was  formerly  supposed  to  be  due  to  the  asphyxia,  but  seems  to 
be  independent  of  it,  for  the  increased  peristalsis  occurs  even  when 
arti£ciid  respiration  is  kept  up,  and,  according  to  Nasse,  the  irrita- 
bility of  the  bowel  muscle  is  much  increased  by  curara.  A  similar 
acceleration  of  the  rhythmic  movements  of  the  spleen  has  been  noted 
after  curara  by  Shafer  and  Moore. 

The  Secretiftpa  womptimpa  seem  to  be_imj£eaaedJiy  curara,  for  t^^a, 
saliva  alld  perspIratinTi  mftv  be  formed  in  considerable  excess  of  the 
normal. 

Uetabollam. — The  cessation  of  the  ordinary  movements  after  cnrara 
and  under  artificial  respiration  has  generally  been  accompanied  by  a 
marked  decrease  in  the  oxygen  absorption  and  the  carbonic-acid  excre- 
tion, but  Frank  and  G^bhard  state  that  this  is  not  the  ease  when  the 
temperature  is  maintained  by  the  application  of  heat.  Sugar  and 
lactic  acid  are  often  found  in  the  urine  after  curara,  but  this  is  due  to 
partial  asphyxia  and  not  to  the  direct  action  of  the  poison;  the  glyco- 
gen of  the  liver  and  muscles  disappears  from  the  same  cause. 

Curara  is  excreted  bv  the  kidneys  apparently  njiphniigftfl.  It  has 
long  been  known  that  this  nrpw  pniann  may  ha  s'vallowed  with  impu- 
niif  ^  prnyided  there  is  no  wounded  surface  in  the  mouth  or  throat,  and 
tTiHt.  i^  i>  tbpr""'^"'^  pj-r+wrHy  anfft  tn  sunlt  thP  pnianTi  from  a.  W0^3. 
This  has  been  explained  in  various  ways,  some  holding  that  tEe 
absorption  from  the  stomach  is  so  slow  that  the  kidneys  are  able  to 
excreta  the  poison  as  fast  as  it  reaches  the  blood  and  that  this  prevents 
its  accumulation  in  sufficient  quantity  to  affect  the  tissues.  Others 
suppose  that  the  liver  retains  and  destroys  it  and  a  third  view  is  that 
it  is  rendered  innocuons  in  passing  through  the  stomach  walls. 

Bothberger  has  recently  shown  that  curara  and  physostigmine  are 
diutually  antagonistic  so  far  as  the  action  on  the  nerve  terminations  in 
striated  muscle  is  concerned,  and  a  number  of  other  alkaloids  also 
appear  to  resemble  physostigmine  in  this  respect. 
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Cniiiie,  the  second  alkaloid  foimd  by  Boehm  in  some  specunenB  of  cnrara, 
is  a  much  less  poisonous  body  than  eurarine.  It  possesses  some  action  on 
the  heart,  the  same  appearances  following^  its  injection  in  the  frog  as  after 
digitdin  and  veratrine,  vhile  in  mammals  the  rhythm  Jb  bIow  even  after 
piuralyais  of  the  inhibitory  mecfaanism. 

Pbbfabatiohs. 

(llir»ra^an  extract  of  vaying  constitiiHnii  am!  jrfyanyth.  The  active  con- 
Btituents  are  freely  soluble  m  acidulated  water,  and  when  ased  ought  to  be 
injected  hypodermieally.  Before  using  cnrara  in  therapeutics  it  is  always 
necessary  to  estimate  the  strength  of  the  preparation  by  experiments  on 
animals,  and  its  application  ought  to  be  graduated,  commencing  with  the 
smallest  quantities  and  increasing  tbem  until  the  desired  effect  is  attained. 
Neither  curara  nor  its  alkaloids  are  official. 

Therap«ntlc  UBe8.-7-Curara  has  been  used  occasionally  in  various  condi- 
tions of  e^ae^rated  movement,  such  as  tetanus,  strychnine  poisoning  and 
hv^mnhohia.  rue  nlne^t  la  to  lessen  the  movement  by  partianpaAlyais  of 
the'  motor  terminations.  The  respiratory  nerves  being  the  last  to  be  affected 
by  the  poison,  the  convulsions  may  be  controlled,  or  at  any  rate  hindered 
from  causing  such  marked  insularity  of  the  respiration  as  they  would 
otherwise  do,  and  in  the  same  way  the  overstrain  of  the  heart  caused  by  the 
convulsions  may  be  prevented.  The  janeer  accompanying  the  use  of  curara 
is  great,  however,  and  the  fact  that  in  all  these  cases  the  cause  of  the  move- 
ment is  excessive  activity  of  the  central  nervous  system  would  seem  to  indi- 
cate one  of  the  many  depressants  of  that  system,  rather  than  a  drng  such  as 
curara,  wbc^  ^tion  is  on  an  entirely  different  part  of  the  body.  Some 
cases  of  tetanus  and  one  of  hydrophobia  are  alleged  to  have  been  successfully 
treated  by  it,  but  its  use  must  still  be  regarded  sa  purely  experimental,  and, 
in  fact,  as  generally  opposed  to  the  teachings  of  rational  therapeutics. 

Paralysis  of  the  terminations  of  the  motor  nerves  in  striated  muscle — the 
so-called  "Onrara-AcUon" — is  elicited  by  a  lai^  number  of  poisons,  but  in 
few  of  them  is  it  the  first  effect  of  their  application.  Many  drugs  induce  it 
only  when  injected  in  large  quantities  and  at  the  end  of  a  series  of  phenom- 
ena produced  by  their  action  on  other  parts  of  the  body;  it  is  observed  much 
more  frequently  in  frogs  than  in  mammals,  and  is  often  of  little  importance 
compared  to  the  other  sjmiptoms.  Among  the  bodies  which  resemble  curara 
more  closely  in  their  action,  the  peripheral  paralysis  playing  the  chief  rfile 
in  their  effects,  are  the  ammonium  compounds  formed  from  l£e  natural  alka- 
loids by  the  substitution  of  an  alkyl,  g.  g.,  matbylstrychnine,  amylquinine, 
etc.'  Some  of  the  ammonium  salts  and  many  of  the  alkyl  ammonium  combi- 
nations also  cause  it,  and  the  corresponding  compounds  of  phosphorus,  arsenic 
and  of  several  metals.  Meyer  ascribes  l^is  effect  to  the  strong  basicity  of 
these  snbstances.  The  simpler  bodies,  pyridine  and  quinoline  wluch  form  the 
baas  of  most  of  the  natural  alkaloids,  have  little  action  save  on  the  nerve  ends. 
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XL  oonhh^  aBLSEimairB  ahd  spabteine. 

Several  alkaloids  which  show  manj  points  of  resemblance  to  curara 
in  their  pharmacological  effects,  may  be  classed  together,  although 
their  action  ma;  differ  in  details. 

Ooniine. 

Coniiae  is  one  of  the  simpler  derivatives  of  Piperidine,  which  is 
obtained  from  Pyridine  by  reduction.  A  series  of  alkaloids  may  be 
formed  from  piperidine  by  substituting  methyl,  ethyl,  propyl  or  other 
alkyls  for  hydrogen,  and  one  of  these,  a-propyl-piperi^e,  is  the  nat- 
ural alkaloid  coniine. 


H,C/  >CH,  Bfif  >CH, 

H,CWCH,  H.CL/'CH— C,H, 

NH  Sk 

Coniine  is  found  in  Hemlock  (Conium  maculatum),  along  with  two 
nearly  allied  alkaloids,  Methylconiine  and  Conkydrine.  The  latter 
differs  from  coniine  only  in  having  a  hydroxyl  group  in  the  side  chain. 
Methylconiine  is  found  in  many  specimens  of  coniine,  and  is  probably 
formed  in  the  plant,  although  this  has  not  been  definitely  proved;  in 
it  the  hydrogen  attached  to  the  nitrogen  of  coniine  is  replaced  by 
methyl.  Coniine  is  of  some  historical  importance,  as  the  first  vege- 
table alkaloid  which  was  successfully  formed  by  synthesis  in  the  labo- 
ratory. It  is  a  volatile  fluid,  characterized  b;  a  strong  monse-like 
odor,  but  forms  crystalline,  non-volatile  salts.  The  two  other  alka- 
loids of  hemlock  act  in  the  same  way  as  coniine,  although  much  more 
weakly,  so  that  the  effects  of  the  crude  preparations  of  the  plant  are 
identical  with  those  of  coniine. 

Piperidine  and  its  compounds  with  methyl  and  ethyl  act  in  the  same 
way  as  coniine  hut  more  weakly.  An  ascending  scale  of  toxicity  may 
be  formed,  commencing  with  piperidine  and  passing  upwards  through 
methyl-  and  ethyl-piperidine  to  coniine.  The  other  simple  deriva- 
tives of  piperidine  seem  to  resemble  coniine  in  their  action  as  far  as 
it  has  been  investigated. 

8ympt4>tn8 — The  general  symptoms  induced  in  man  by  poisonous 
doses  of  coniine  are  weakness,  languor  and  drowsiness  which  does  not 
pass  into  actual  sleep.  The  movements  are  weak  and  unsteady,  the 
gait  is  sta^^ring,  and  nausea  and  vomiting  generally  set  in,  along 
with  profuse  salivation.     In  most  cases  the  intelligence  remains  clear 
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to  the  end,  aa  is  related  of  the  death  of  Socrates  from  hemlock  poison- 
ing,  but  in  some  instances  imperfect  vision  and  hearing  have  been 
noted.  The  pupils  are  somewhat  dilated.  Tremors  and  fibrillary 
contractions  of  the  muscles  are  often  seen  in  animals,  and  some 
observers  state  that  actual  convulsions  occur.  The  breathing  becomes 
weaker  and  slower  and  death  occurs  from  its  arrest. 

Action. — Coniine  is  sometimes  credited  with  possessing  a  narcotic 
depressant  action  on  the  Osntral  Nervoiu  ByBtem,  but  this  is  by  no 
means  a  characteristic  feature  in  poisoning,  for  in  both  man  and 
animals  consciousness  is  often  retained  until  immediately  before  the 
cessation  of  the  respiration.  Other  writers  mention  convulsions  as  a 
feature  of  coniine  poisoning  and  weak  convulsive  movements  are  often 
seen  before  death,  obviously  from  the  failure  of  the  respiration. 
Quite  distinct  from  these  are  the  twitching  and  tremors  of  the  earlier 
stages  of  the  intoxication,  which  are  often  accompanied  by  a  certain 
stiffness  and  rigidity  of  some  of  the  muscles  of  the  limbs.  Some  of 
these  movements  may  be  due  to  the  partial  paralysis  of  the  motor 
nerve  terminations  preventing  the  animal  from  contracting  its  muscles 
in  a  normal  tetanus  and  permitting  only  of  short,  jerky  movements, 
which  may  readily  be  mistaken  for  convulsions.  Or  they  may  indi- 
cate a  preliminary  stimulant  action  on  the  nerve  ends  or  receptors  in 
the  muscles,  similar  to  that  observed  in  nicotine  poisoning. 

Coniine  causes  nausea  and  very  often  vomiting  at  an  early  stage 
of  its  action.  This  may  be  elicited  by  its  hypodermic  or  intravenous 
injection,  and  is  probably  dne  to  an  alteration  in  the  medullary  centres 
rather  than  in  the  stomach.  The  nausea  is  accompanied  by  profuse 
salivation  and  sometimes  by  perspiration. 

The  chief  effect  of  coniine  in  the  frog  is  a  paralysis  of  the  Termin»> 
Uon  of  the  Motor  Hervea  similar  to  that  induced  by  curara.  This 
paralysis  is  elicited  only  with  difficulty  in  the  mammal,  but  unques- 
tionably occurs  to  a  more  or  less  marked  extent.  According  to  some 
researches  on  the  subject,  all  the  symptoms  in  mammals  are  due  to 
this  action,  but  some  writers  regard  both  the  convulsions  and  the  final 
failure  of  the  respiration  as  of  central  origin.  It  seems  likely  that 
while  in  the  frog  the  symptoms  all  arise  from  the  action  on  the  nerve 
terminations,  some  of  the  phenomena  observed  in  mammals  are  due 
to  paralysis  of  the  medullary  centre  of  respiration.  It  is  difficult  to 
'  explain  on  any  other  theory  how  the  symptoms  of  coniine  poisoning 
are  so  different  from  those  of  curara. 

Coniine  acts  on  the  Peripheral  Oanglla  in  the  same  way  aa  curara. 
According  to  some  writers  these  are  first  stimulated  and  then  para- 
lyzed, and  there  seems  to  be  no  question  as  to  the  final  paralysis, 
whether  the  preliminary  stimulation  is  present  or  not.  Coniine  cer- 
tainly does  not  act  so  strongly  on  the  ganglia  as  nicotine,  and  the 
details  of  the  action  may,  therefore,  be  left  for  discussion  under  that 
heading.  (See  page  272.)  The  inhibitory  impulses  no  longer  reach 
the  heart  after  large  doses  of  coniine,  owiug  to  paralysis  of  the  gang- 
lionic apparatus,  and  stimulation  of  the  vagus  nerve  has  no  effect  <m 
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the  pulse  rate.  Some  druga  which  act  on  the  extreme  terminationa  of 
the  inhibitorj  fibres  still  slow  and  weaken  the  heart,  however.  Simi- 
larly, atimulation  of  the  cervical  sympathetic  no  longer  dilates  the 
pupil,  because  the  superior  cervical  ganglion  is  paralyzed.  The  par- 
tial dilatation  of  the  pupil  in  cases  of  poisoning  may,  perhaps,  indicate 
similar  action  on  the  ciliary  ganglion. 

Conine  seems  to  have  but  littie  direct  effect  on  the  Hurt,  though 
large  quantities  slow  the  rhythm  and  somewhat  prolong  the  systole  in 
the  frog  (Moore  and  How),  and  some  slowing  of  the  mammalian  heart 
has  be^  noted  from  the  intravenous  injection  of  large  quantities. 
The  inhibitory  mechanism  is  often  found  to  be  stimulated  and  the 
pulse  is  accordingly  somewhat  slow  and  weak.  The  paralysis  of  the 
ganglia  on  the  inhibitory  nerve  may  lead  to  some  acceleration  in  other 
cases,  but  the  changes-  in  the  heart  are  not  marked  features  in  the 
intoxication. 

Moore  and  Row  have  observed  a  very  considerable  though  transient 
increase  in  the  arterial  tension  after  coniine,  and  regard  it  as  of 
peripheral  origin,  for  they  found  that  the  perfusion  of  coniine  through 
the  blood  vessels  of  the  frc^  tends  to  constrict  them,  while  the  direct 
application  to  the  exposed  blood  vessels  has  no  such  eSeet,  but  rather 
widens  their  calibre.  They  are  accordingly  inclined  to  regard  the  rise 
of  blood-pressure  as  due  to  a  stimulation  of  the  ganglionic  apparatus 
lying  on  the  course  of  the  vaso-constrictor  nerves. 

The  Bespiration  is  generally  accelerated  and  deepened  in  the  earlier 
stages  of  the  coniine  intoxication,  but  later  becomes  slow  and  labored, 
then  weak  and  irregular,  and  finally  ceases  while  the  heart  is  still 
strong  and  the  consciousness  has  just  disappeared.  The  cause  of  the 
asphyxia  is  still  undecided,  many  investigators  holding  that  the  centre 
is  paralyzed  before  the  terminations  of  the  nerves  in  the  diaphragm, 
while  the  majority  of  recent  investigators  look  upon  the  paralysis  of 
those  terminations  as  the  cause  of  death. 

A  curious  change  has  been  observed  by  Giirher  in  the  Blood  OeUs  of 
frogs  poisoned  with  coniine.  Numerous  small  vacuoles  appear  in  the 
red  corpuscles,  and  persist  long  after  the  frog  shows  no  further  symp- 
toms of  poisoning.  The  nucleus  is  also  somewhat  altered,  but  not  so 
characteristically. 

Coniine  is  rapidly  excreted  in  the  urine,  so  that  its  action  passes  oS 
very  soon  even  when  quite  large  doses  are  taken.  The  treatment  of 
coniine  poisoning  therefore  consists  in  evacuation  of  the  stomach  and 
artificial  respiration. 

P^eridine  acts  in  the  same  way  as  coniine,  but  more  weakly,  while 
methyl-  and  ethyl-piperidine  stand  between  them  in  toxicity.  Many 
of  the  piperidine  alkaloids  cause  the  formation  of  vacuoles  in  the  red 
blood  cells  of  the  frog,  and  the  simpler  members  of  the  series  act  more 
strongly  in  this  direction  than  the  more  complex  ones,  while  they  are 
much  lees  active  as  general  poisons. 

Pyridine  resembles  piperidine  in  most  features  but  does  not  paralyze 
the  ganglia  nor  increase  the  blood-pressure.     It  seems  more  poisonous 
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in  frogs,  and  induces  distinct  depressions  of  the  central  nervous  system, 
but  like  piperidine  it  is  only  feebly  poisonous  in  manimals.  Pyridine 
is  excreted  in  the  urine  as  methyl-pyridine,  a  combination  between  it 
and  the  alkyl  occurring  in  the  tissues.  A  similar  synthesis  occnre 
between  methyl  and  telluric  acid  (see  Tellurium). 

Qnlnoline  and  isoquinoline  cause  in  mammals  a  condition  of  col- 
lapse similar  to  that  seen  under  the  antipyretics  and  the  b^izo) 
compounds. 

FB£FABATtON8. 

Ooninm  (U.  S.  P.)i  the  dried,  fuU-grown,  unripe  fruit  of  Conium  macula- 
turn,  or  hemlock. 

Fluidextractum  Conii  (U.  S.  P.),  OJ-0.5  e.e.  (2-8  mins.). 

Tharapentic  Ub«8. — Conium  has  passed  into  almost  complete  disuse. 
It  has  been  prescribed  in  whoopin^«ough  and  chorea  with  doubtful 
results,  and  has  been  employed  locally  and  given  internally  to  relieve 
pain.  Tetanus  and  strychnine  poisoning  have  been  treated  with  it 
without  apparent  results. 
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Qfllsemimn. 

GMsemium  sempervirens  (Yellow  Jasmine  or  Carolina  Jasmine) 
contains  two  alkaloids,  Gelsemine  and  Oelseminine.^  Qelsemine  forms 
crystalline  salts,  while  gelseminine  is  entirely  amorphous,  and,  as  far 
as  is  known,  does  not  form  any  crystalline  combinations.  Gelsemine 
is  only  slightly  active,  inducing  the  same  symptoms  in  frogs  as  strych- 
nine, but  having  no  effects  on  mammals,  even  when  injected  into  a 
vein  in  very  large  quantity.  Celaeminine,  on  the  other  hand,  is  a 
powerful  poison  which  resembles  coniine  in  most  of  its  effects.  The 
action  of  the  crude  preparations  of  gelsemlum  is  undoubtedly  due  to 
gelseminine  and  not  to  gelsemine,  as  far  as  mammals  are  concerned. 
Large  quantities  of  the  extract  injected  into  frogs  may,  however,  in- 
crease the  reflex  movements  somewhat  from  the  gelsemine  they  contain. 

Actioiu — The  symptoms  of  gelsemium  poisoning  resemble  those  of 
coniine  so  closely  that  the  reader  may  be  referred  to  the  description 
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given  imder  the  latter  (see  page  265).  Gelaeminine  differs  from 
coDiine  chieflj  in  possessing  a  more  depressant  action  on  the  central 
nervous  system.  In  the  irog  the  spinal  cord  is  distinctly  lees  active 
than  usual  before  the  ends  of  the  motor  nerves  are  paralyzed,  and,  in 
fact,  the  depreesion  of  the  central  nervous  system  seems  to  be  thecause 
of  the  general  paralysis  in  these  animals,  rather  than  the  peripheral 
action,  although  this  is  always  present.  In  mammals  the  symptoms 
resemble  those  of  coniine  more  closely  than  in  the  frog,  and  there  may 
be  some  question  as  to  whether  the  effects  are  mainly  central  or  periph- 
eral in  origin.  There  is  a  general  eonsensua  of  opinion,  however, 
amongst  those  who  have  worked  on  the  subject  that  gdseminine  proves 
fatal  by  paralyzing  the  respiratory  centre  rather  than  the  terminations 
of  the  nerves  in  the  diaphragm  and  other  muscles,  while  most  writers 
now  consider  the  asphyxia  of  coniine  poisoning  due  to  the  peripheral 
action.  The  symptoms  are  practically  identic^,  however,  and  it  will 
probably  be  fotind  that  both  act  on  the  same  points  in  the  innervation 
of  the  respiration.  In  the  meantime  the  question  must  remain  unde- 
cided for  both  pois(»ts. 

The  pupil  is  very  widely  dilated  by  gelseminine  when  a  solution  is 
applied  locally  to  the  eye,  much  leas  so  in  general  poisoning,  in  which 
the  respiration  generally  faila  before  the  pupil  is  fully  dilated.  The 
power  of  accommodation  is  also  entirely  lost  when  gelseminine  or 
gelsemium  tincture  is  applied  to  the  eye.  This  mydriatic  effect  has 
not  been  explained,  but  tiie  moat  plausible  su^eetion  would  seem  to 
be  that  gelseminine  paralyzes  the  terminations  of  the  oculomotor  nerve 
in  the  eye  in  the  same  way  as  atropine.  Gelseminine  differs  fromi 
atropine  in  its  behavior  to  other  nerves,  however,  for  it  paralyzes  the 
inhibitory  cardiac  fibres  and  the  chorda  tympani  through  acting  on 
the  ganglionic  structures  on  their  course  and  not  on  the  extreme  termi- 
nations. Its  action  on  the  ganglia,  as  far  as  it  is  known,  resembles 
that  of  coniine,  but  it  does  not  cause  any  increase  in  the  arterial  ten- 
sion, such  as  is  observed  under  this  poison. 

Pbefabatiohs. 

QelMmlnm  (U.  S.  P.),  OelBflmil  Badlx  (B.  P.),  the  dried  rhizome  and 
roots  of  Qelsemium  Bempervireus  or  nitidum. 

Fluidextractum  Gei^mii  (U.  S.  P.),  0.05  c.c.  (1  min.). 

Tinetura  Gehemii  (U.  S.  P.,  B.  P.),  0.3-1  c.c.  (5-15  mina.). 

"  Gelsemine  "  is  an  imofQcial  mixture  of  the  alkaloids  in  very  varying  pro- 
portions.   In  some  preparations  no  gelseminine  whatever  was  foond. 

Therapeutic  Uses, — The  tincture  of  gelsemium  has  been  employed  as 
a  mydriatic  in  ophthalmology,  but  it  presents  no  advantages  over  the 
more  generally  used  preparations  of  atropine,  and  sometimes  causes 
some  pain  and  redness,  which  has  prevented  its  general  adoption  for 
this  purpose.  In  certain  forms  of  neuralgia,  especially  of  ^e  facial 
branches  of  the  trigeminus,  gelsemium  has  proved  of  some  value,  when 
administered  internally  as  the  tincture. 
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Biitger  and  MuttM.    Lancet,  1676,  L,  p.  82. 

PvUeyi  and  Bomiee.  Momoire  nr  1 'action  phyiiologiqne  de  la  Qalsemlna. 
BruieUe,  1878. 

Cvthny.    Arch.  f.  ezp.  Patli.  a.  Fhann.,  zxxi.,  p.  49. 

Spaiteine. 

Another  alkaloid  which  reseinhlea  coniine  closely  in  its  action  is 
Sparteine,  which  is  found  in  the  common  broom  plant  (Spartinm  or 
Cytisus  scoparius),  along  with  a  neutral  substance,  Seoparin,  Spar- 
teine* is  a  pyridine  derivative  possessing  the  formula  Cj^HjaNj,  and 
is  a  fluid,  but  forms  crystalline  salta,  which  are  often  prescrihed  instead 
of  the  crude  preparations. 

Action. — The  general  effects  of  sparteine  are  almost  identical  with 
those  of  coniine,  but  it  seems  very  probable  that  the  central  nervous 
system  is  little  affected  by  it,  the  whole  of  the  phenomena  pointing  to 
a  paralysis  of  the  motor  nerve  terminations  and  of  the  sympathetic 
ganglia.  Sparteine  has  more  effect  than  coniine  on  the  heart,  which 
it  depresses,  so  that  the  rhythm  is  slow  and  the  contractions  weak. 
When  injected  into  a  vein,  sparteine  induces  less  increase  in  the 
arterial  tension  than  coniine,  probably  because  the  contraction  of  the 
Teasels  is  counterbalanced  by  the  weakness  of  the  heart.  M'o  increase 
in  the  arterial  tension  is  observed  from  the  administration  of  sparteine 
internally,  and  even  the  slight  rise  of  pressure  induced  by  intravenous 
injection  is  of  only  short  duration. 

The  slow  pulse  and  slight  rise  of  pressure  observed  in  experiments 
in  animals  when  sparteine  is  injected  intravenously  have  led  some 
writers  to  ascribe  to  it  an  action  similar  to  that  of  digitalis,  and  at 
one  time  sparteine  was  used  to  some  extent  as  a  substitute  for  the 
latter;  both  experimental  and  clinical  olwervations,  however,  go  to 
show  that  these  claims  are  quite  unfounded,  and  sparteine  is  compara- 
tively little  used  at  the  present  time,  and  possesses  no  properties  which 
are  likely  to  reinstate  it  in  favor. 

Sparteine  is  very  much  leas  poisonous  than  either  coniine  or  gel- 
seminine.  It.  proves  fatal  to  animals  by  paralyzing  the  terminations 
of  the  phrenic  nerves  in  the  diaphragm. 

Broom  tops  have  long  enjoyed  a  certain  reputation  as  a  diuretic, 
and  this  perhaps  strengthened  the  belief  in  the  virtues  of  sparteine  as 
a  heart  remedy.  The  diuresis  is  not  due  to  the  sparteine,  however, 
but  to  the  Bcoparin,  which  seems  to  act  on  the  renal  epithelium  in  the 
same  way  as  «va-ursi  and  other  remedies  of  that  series.  The  broom 
tops  are  generally  administered  in  the  form  of  a  decoction  or  infusion, 
and  the  large  amount  of  water  taken  along  with  them  may  also  tend 
to  increase  the  urine  and  to  strengthen  the  reputation  of  the  remedy. 

Fbbfakationb. 
Scopariw  (U.  8.  P.),  Scopuii  Oacnmina  (B.  P.),  the  topi  of  Cytisaa  seo- 
parlus  or  broom. 

*  Sparteioe  alio  oecnra  In  the  blaek  and  jtiOaw  Inpinea  along  iritli  hipinine. 
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7n/(utim  ^copam  (B.  F.)>  1-2  fl.  <ke. 

Sparteina  Sulphas  (U.  S.  P.)  (C,.HJT^S0.-|-4H,0),  colorlesa,  white 
eiystels  witb  a  saline  bitter  taste,  vei?  soinble  in  water  and  alcohol.  The 
dose  reeommended  by  different  clinicians  as  of  benefit  in  heart  disease  varies 
from  0,004-0.8  G.  ( ^-12  gra.)  in  the  course  of  24  hours.  It  may  bo  given  in 
doaes  of  0.1  G.  (2  grs.)  with  perfect  safety. 

Use>> — ^Broom  tops  are  used  as  a  feeble  diuretic,  generally  in  the 
form  of  a  decoction  (16  G.  in  250  c.c.  of  water,  or  ^  oz.  in  a  half  pint 
in  divided  doaes  in  24  hours),  or  infusion  (B.  P.).  Sparteine  has 
been  advised  in  heart  disease,  but  is  of  no  value  here.  It  has  also 
been  proposed  to  paralyze  the  terminations  of  the  vagus  with  it  before 
the  administration  of  chloroform,  the  object  being  to  avoid  the  reflex 
syncope,  but  a  small  dose  of  atropine  would  be  preferable.  It  has  also 
been  au^ested  as  a  local  anfeethetic  in  ophthalmology,  but  has  only  a 
feeble  action. 

Bl  BLIOORAPH  T. 

Tiek.    ATch.  t.  orp.  Path,  u,  Pbann.,  i.,  p.  397. 

Matnu.    Ball,  de  I'Acad.  Boy.  de  Med.  de  Belg«,  1887. 

CiuAny  and  Matthewg.    Arch.  f.  exp.  Path.  n.  Pharm.,  xzxv.,  p.  129. 

Hvto  and  Ithitdka.    Ibid.,  L,  p.  1. 

fXK.     HIOOTIHE    AND    LOBEUNE. 

Nicotine,  the  well-known  alkaloid  of  tobacco  (Nicotiana  tabacnm), 
is  a  volatile  fluid,  possessing  a  strong  alkaline  reaction,  and  forming 
salts  with  acids,  most  of  which  arS  aiHAlf^hous.  I'tTs  a  combination 
of  pyridine  with  a  hydrated  pyrrol  ring  as  shown  by  the  structural 
formula — 

OH,C_  cH, 
— CHI       IcH- 

Nicotine  is  the  only  constituent  of  tobacco  which  possesses  any 
toxicological  interest,  although  several  other  alkaloids  are  present  in 
comparatively  small  amounts.  It  is  accompanied  by  a  volatile  oil  in 
dried  tobacco,  but  this  is  only  developed  during  the  processes  of  prepa- 
ration and  seems  to  have  no  action  apart  from  that  of  the  other  volatile 
oils.  The  odor  and  flavor,  and  probably  the  "  strength,"  of  tobacco 
depends  in  part  upon  the  quantity  and  quality  of  this  oil,  in  part 
on  some  products  of  the  decomposition  of  nicotine.  Absolutely  pure 
nicotine  has  comparatively  tittle  odor,  but  it  decomposes  when  kept, 
becomes  dark  colored  and  acquires  the  characteristic  odor  of  tobacco. 

Another  alkaloid  which  is  practically  identical  with  nicotine  in  its 
pharmacological  SLctioa.  ia  Piturine  (CuHjaNj),  which  is  derived  from 
the  pituri  plant  (Buboisia  Hopwoodii).  The  leaves  of  the  pituri  are 
said  to  be  used  by  the  Australian  natives  in  the  same  way  as  tobacco 
by  the  civilized  races. 

Lobeline  (CigHjjNOj),  an  alkaloid  obtained  from  Lobelia  inflata 
or  Indian  Tobacco,  resembles  nicotine  very  closely  in  its  action,  and 
may  be  discussed  along  with  it 
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Tobacco  is  not  used  in  therapeutics,  but  is  of  great  hygienic  impor- 
tance, and  nicotine  posseBses  considerable  biological  interest  from  the 
results  obtained  by  Langley  by  its  use  in  physiology  in  recent  years. 
Lohelia  has  a  somewhat  restricted  £eld  of  usefulness  in  therapeutics, 
in  which  it  is  prescribed  in  asthma.     These 
^*''  2^;  alkaloids  act  chiefly  on  the  central  nervous 

system,  the  sympathetic  ganglia,  and  the  myo- 
neural junctions  in  voluntary  muscle. 

Symptoma. — Poisonous  doses  administered 
to  man  or  other  mammals  cause  a  hot,  burn- 
ing sensation  in  the  mouth,  which  spreads 
down  the  (esophagus  to  the  stomach,  and  is 
followed  by  siJivation,  nausea,  vomiting  and 
sometimes  purging.     The  breathing  is  quick, 
deep  and  labored,  and  is  often  accompanied 
by  moist  rales.     The  pulse  is  generally  slow 
and  somewhat  weak  at  first  and  then  becomes 
very  rapid,  but  after  very 
large   doses   may  be  first 
accelerated  and  then  slow 
and  feeble.     Some  mental 
confusion,  great  muscular 
weakness,    giddiness    and 
restlessness  are  followed  by 
loss  of  coordinating  power 
and    partial    or    complete 
llinconsciousness.       Clonic 
convulsions   set    in   later, 
accompanied  by  fibrillary 
twitching  of  various  mus- 
cles, and  eventually  a  teta- 
nic spasm  closes  the  scene 
by   arresting  the   respira- 
tion. In  other  instances  the 
convulsions    are    followed 
by  complete  relaxation  of 
all  parts  of  the  body,  the 
reflexes  disappear,  the  res- 
piration becomes  slow  and 
weak  and  flnally  ceases,  the 
heart   continuing  to   beat 
for  some  time  afterwards. 
Very  large  doses  of  nico- 
tine may  prove  fatal  within  a  few  seconds;  the  symptoms  are  those  of 
sudden  paralysis  of  the  central  nervous  system  including  the  respira- 
tory centre,  and  no  convulsions  are  developed. 

In  the  frog  the  same  excitement  and  violent  convulsions  are  seen 
as  in  mammals,  but  the  respiration  soon  ceases,  and  there  follows  a 
"cataleptic"  stage  in  which  the  animal  assumes  a  characteristic  atti- 
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tude.  The  fore  legs  are  crossed  in  front  of  ^  ateruum  and  are  rigid, 
the  thighs  are  at  right  angles  to  the  axis  of  the  body  and  the  legs  are 
flexed  on  them  but  are  not  rigid.  When  a  leg  is  drawn  down  it  at 
once  returns  to  its  original  position,  and  the  frog  still  attempts  to 
escape  when  it  is  aroused.  Fibrillarj  contractions  are  observed  in 
manj  of  the  muscles.  Somewhat  later,  the  reflexes  disappear,  the 
muscles  become  flaccid,  and  eventually  complete  paralysis  occurs  from 
a  peripheral,  curara-Iike  action. 

Nicotine  has  but  little  toxic  action  on  the  lowest  invertebrates,  but 
as  the  nervous  system  begins  to  be  differentiated  it  causes  paralysis, 
and  still  higher  in  the  scale  the  paralytic  action  is  preceded  by  a  stage 
of  stimulation, 

Oiicolatioii, — The  action  on  the  circulation  is  extremely  complex, 
as  a  number  of  factors  are  involved.     After  moderate  quantities  the 
heart  is  alow  and  may  stand  still  in  diastole  for  a  few  seconds,  but 
then  recovers  gradually  and  regains  its  former  rhythm  or  becomes 
somewhat  quicker.     Tbeslowpulse  is  due  to  stimulation  of  the  ganglia 
on  the  vagus  nerve  (Fig-  25.,  N),  exactly  the  same  effects  being  pro- 
duced as  by  stimnlation  of  the  vagus  fibres  in  the  neck.     It  is  Qoti 
affected  by  section  of  the  cervical  pneumogastric,  as  the  path  from  the  11 
ganglia  to  the  cardiac  muscle  fibres  is  still  intact,  but  on  the  other  ll 
hand,  it  is  prevented  by  atropine,  which  acts  on  the  extreme  termina- 11 
tiona  of  the  inhibitory  fibres,  and  therefore  blocks  the  passages  of  ■' 
impulses  from  the  ganglia  to  the  muscle.     It  is  also  prevented  by  a  ' 
number  of  drugs,  such  as  curara  and  coniine,  which  paralyze  the 
ganglia. 

This  stimulation  of  the  ganglia  is  of  short  duration,  soon  passing 
into  paralysis,  which  obstructs  the  passage  of  the  inhibitory  impulaea 
from  above.  On  atimulating  the  vagus  after  nicotine  there  is  conse- 
quently no  slowing  of  the  heart  but  often  some  acceleration,  due  to  the 
fact  that  the  accelerating  fibres  running  along  with  the  inhibitory  in 
the  vagus  nerve  have  no  ganglionic  apparatus  in  the  heart,  and  are 
therefore  unaffected  by  nicotine.  Although  inhibitory  impulses  can  | 
no  longer  reach  the  heart  from  above,  the  intracardiac  inhibitory 
neuron  ia  atill  intact,  and  stimulation  of  the  venous  ainus  in  the  frog 
still  causes  arrest  of  the  heart  exactly  as  in  the  normal  animal.  The 
stimulating  current  here  reaches  the  inhibitory  nerves  beyond  the 
paralyzed  ganglia  (Fig.  25,  X),  and  these  preserve  their  usual  irri- 
tability. In  the  same  way  a  number  o£  poisons  which  act  upon  the 
extreme  terminations  of  the  inhibitory  fibres  in  the  heart  muscle 
(Fig.  25,  M)  can  slow  the  rhythm  even  after  the  ganglia  have  been 
paralyzed  by  nicotine  (see  the  Pilocarpine  and  Muscarine  group). 
The  results  of  the  stimulation  and  subsequent  paralysis  of  the  gan- 
glionic structures  on  the  inhibitory  fibres  by  nicotine  are  the  prelimi- 
nary slowing  and  subsequent  slight  acceleration  of  the  heart  rhythm 
seen  in  both  cold-  and  warm-blooded  animals.  In  larger  doses  nico- 
tine produces  no  slowing  of  the  heart,  owing  to  the  ganglia  being 
paralyzed  immediately,  without  previous  stimulation. 
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In  addition  to  its  action  on  the  peripheral  inhibitory  ganglia,  nico- 
tine seems  to  stimulate  the  vagus  centre  in  the  medulla,  as  the  slowing 
is  greater  when  the  vagi  are  intact  than  when  they  are  divided.  But 
apart  from  this  action  on  the  inhibitor;  apparatus,  nicotine  possesses 
some  direct  action  on  the  heart  muscle,  which  appears  to  be  first  stimu- 
lated and  then  depressed.  Accordingly,  when  the  inhibitory  apparatus 
has  been  previously  paralyzed,  moderate  quantities  increase  the  rat« 
of  the  heart  beat  considerably,  while  very  large  ones  slow  and  weaken 
it.  It  has  been  supposed  ijiat  this  quickening  is  due  to  action  on 
the  accelerator  centre,  or  on  the  ganglia  on  the  course  of  the  sympa- 
thetic accelerator  fibres  (N',  Fig.  25),  but  this  seems  not  to  be  the 
only  cause,  for  Wertheimer  found  the  acceleration  continue  even  after 
extirpation  of  these  ganglia.  The  quickening  must  be  attributed  in 
part  or  wholly  to  action  on  the  cardiac  muscle,  or  on  the  terminations 
of  the  accelerator  nerves  in  it.  The  subsequent  slowing  and  weakness 
is  undoubtedly  due  to  a  paralyzing  action  on  the  miisde  itself. 

On  the  injection  of  nicotine  into  a  vein  or  subcutaneously,  an  im- 
mense augmentation  of  the  arterial  tension  occurs ;  this  may  be  due  in 
part  to  stimulation  of  the  vaso-oonstrictor  centre  in  the  medulla,  but 
is  to  be  ascribed  chiefly  to  peripheral  influences,  for  it  has  been 
observed  after  section  and  even  after  total  removal  of  the  spinal  cord. 
The  vaso-constrictor  nerves  pass  through  ganglia  on  their  way  to  the 
vessels  and  the  rise  of  the  blood-pressure  seems  to  he  mainly  caused 
by  a  stimulation  of  these  ganglia. 

The  constriction  of  the  vessels  can  be  observed  in  many  parts  of  the  bod; 
— mesentery,  foot,  rabbit's  ear,  etc.  In  these  parts  the  pallor  produced  by 
the  narrowing  of  the  vessels  is  followed  by  redness  and  congestion  owing  to 
the  paralysis  of  the  ganglia,  and  at  the  same  time  the  pressnre  falls  to  a 
level  somewhat  below  the  normaL  In  some  parts  of  the  body  no  constric- 
tion of  the  vessels  occurs;  for  example,  the  dog's  lip  and  mouth  are  con- 
gested first  and  then  become  pale.  This  flushing  eeems  partly  due  to  the 
atimnlatioD  of  the  ganglionic  apparatus  on  the  vaso-dilator  fibres  for  the  lips 
and  mouth,  and  partly  to  the  constriction  of  the  vessels  in  the  splanchnic 
area  diverting  the  blood  current  to  these  parts  which  are  less  abundantly 
supplied  with  constrictor  fibres,  for  it  occurs  after  removal  of  the  superior 
cervical  ganglion  containing  the  vasodilator  fibres. 

After  a  few  minutes  the  blood-pressure  falls  to  the  normal  level  or 
lower,  hut  a  second  injection  again  produces  a  similar  rise  in  the 
arterial  tension,  unless  the  first  was  large  enough  to  paralyze  the 
ganglia.  Eventually  nicotine  lowers  the  blood-pressure,  owing  to  the 
weakening  action  on  the  heart. 

In  the  rabbit  nicotine  tends  to  induce  lesions  of  the  aorta  with  sub- 
sequent calcareous  degeneration,  which  resembles  the  atheromatous 
patches  seen  In  man.  This  is  due  to  the  very  high  blood-pressure,  and 
similar  effects  are  seen  from  adrenaline  and  from  other  measures 
which  increase  the  blood-pressure,  such  as  pressure  on  the  abdominal 
aorta. 

Beapiration. — The  respiration  is  at  first  rapid  and  shallow  with  some 
deficiency  in  the  expiratory  movements,  but  after  a  time,  while  main- 
taining ibe  acceleration,  it  becomes  deeper.     It  is  liable  to  be  inter- 
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impted  at  this  stage  by  the  eonvulsions,  but  if  these  do  not  prove  fatal,  v 

it  gradually  becomes  slower  while  remaining  deep.  Later,  pauses  in 
the  position  of  expiration  appear,  and  the  movements  become  weaker 
until  they  disappear,  the  animal  dying 
of  asphyxia.  The  rapid,  shallow  move- 
ments in  the  beginning  of  the  intoxi- 
cation are  absent  in  animals  in  which 
the  pneumogastrie  nerves  have  been 
previously  divided,  bo  that  this  phe- 
nomenon has  been  ascribed  to  the  alka- 
loid acting  as  an  irritant  to  the  pul- 
monary branches  of  the  pneumogastrie. 
The  later  features  are  caused  by  its  „_ 
acting  on  the  respiratory  centre  diAjj^-^ 
rectly,  first  stimulating  and  then  paraJT^^ 
*  lyzing  it  After  large  doaes  this  direct/uA^ 
action  alone  may  be  elicited.  The 
paralysis  of  the  respiration  is  the  cause 
of  death,  the  heart  continuing  to  beat 
for  some  time  afterwards  although 
slowly  and  weakly. 

The  bronchial  muscle  relaxes  after 
a  transient  constriction  when  nicotine 
or  lobeline  is  ingested,  these  changes 
being  brought  about  by  stimulation 
and  subsequent  depression  of  the  gan- 
glia on  the  course  of  the  innervating 
fibres.  The  dilatation  of  the  bronchi 
is  more  marked  when  they  have  been 
previously  in  a  state  of  constriction 
(Dixon  and  Brodie). 

Most  of  the  SflciotlDns  are  increased 
temporarily  by  nicotine.  The  glands 
investigated  have  generally  been  the 
salivary,  where  it  is  found  that  the 
secretion  is  increased  by  the  injection 
of  small  quantities,  but  is  afterwards 
depressed,  while  large  doses  diminish 
it  at  once.  The  seat  of  action  is  again 
the  ganglionic  apparatus  on  the  secre- 
tory nerves.  If  the  chorda  tympaui  be 
stimulated  in  the  normal  animal  a  large 
secretion  of  saliva  at  once  follows,  but 
if  a  sufficient  quantity  of  nicotine  be 
injected,  nosuch  effect  follows  its  stim- 
ulation. If,  however,  the  nerve  fibres  be 
stimulated  between  the  ganglion  cells 

and  the  gland  (atX  in  Fig.  26),  the  secretion  again  follows  as  before. 
On  the  other  hand,  nicotine  increases  the  secretion  whether  the  chorda 
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be  intactoruot,  but  ceasesto  act  if  the  connection  between  tbe  ganglion 
cell8  and  the  gland  be  interrupted.  These  results  can  only  be  intei^ 
preted  bj  nicotine  first  stimulating  and  then  paralyzing  the  ganglia 
on  the  course  of  the  chorda  tympani.  In  the  same  way  it  first  stimu- 
lates and  then  paralyzes  the  ganglia  which  lie  in  the  course  of  the 
sympathetic  salivary  fibres.  Pilocarpine  and  muscarine  cause  pro- 
fuse salivation  after  nicotine,  because  they  stimulate  the  terminations 
of  the  nerves  in  the  gland  cells,  and  it  is  therefore  immaterial  whether 
the  connection  with  the  central  nervous  system  be  intermpted  or  not. 

I  On  the  other  hand,  the  reflex  secretion  of  saliva  normally  produced  by 
irritation  of  the  mouth  or  by  chewing  is  prevented  by  nicotine. 
A.tropine  stops  the  secretion  produced  by  nicotine  by  paralyzing  the 
extreme  terminations  of  tbe  nerves. 
The  other  secretory  glands  are  affected  in  the  same  way  by  nicotine, 
Sand  although  the  details  have  not  been  worked  out  so  carefully  as  for 
mhe  salivary  glands,  there  is  no  question  that  their  secretions  are  first 
ISncreased  by  the  stimulation  of  the  ganglia  on  the  course  of  their  secre- 
\(tory  nerves,  and  then  lessened  by  their  paralysis.  Thus  the  sweat 
'  secretion  is  found  to  be  markedly  increased,  as  also  the  secretion  of 
the  bronchial  mucous  glands.  The  urine  and  bile  have  not  been 
shown  to  be  affected  by  nicotine,  and  as  their  secretion  does  not  seem 
to  be  so  dependent  upon  nervous  influences,  it  is  probable  that  it  is 
but  little  changed  in  amount. 

Kicotine  produces  extreme  HauB«a  and  Vondting  when  taken  even 
in  comparatively  smaB  quantities,  a  fact  which  is  generally  recognized 
by  tyros  in  smoking.  This  may  be  in  part  central  in  origin,  but  is 
mainly  due  to  the  powerful  contractions  of  the  stomach  w^ls.  This 
contraction  extends  throughout  the  intestinal  tract,  so  that  repeated 
Evacuation  of  the  Bowel  occurs.  Somewhat  larger  quantities  may  lead 
to  a  tetanic  contraction  of  the  whole  intestine  with  almost  complete 
obliteration  of  the  lumen.  This  exaggeration  of  the  peristaltic  con- 
traction is  probably  due  to  stimulation  of  the  motor  nervous  apparatus 
in  the  intestinal  wall,  and  a  subsequent  paralysis  of  these  structures 
leads  to  a  failure  of  local  stimuli  to  induce  peristalsis.  A  further 
effect  of  nicotine  in  the  bowel  is  due  to  its  stimulating  the  ganglia  on 
the  fibres  of  the  splanchnic  which  inhibit  the  rhythmical  pendulum 
movements.  These  are  arrested  by  the  injection  of  nicotine,  bat 
return  in  exaggerated  form  as  the  ganglionic  stimulation  passes  into 
paralysis.  The  mesenteric  vessels  are  narrowed  at  first  from  stimu- 
lation of  the  ganglia  on  the  course  of  the  vaso-constrictor  nerves,  but 
congestion  follows  the  depression  of  these  ganglia  and  the  consequent 
fall  in  blood-pressure. 

Similar  changes  are  produced  by  nicotine  in  the  bladder  which  is 
thrown  into  tetanic  contraction.  The  urine  is  therefore  expelled  very 
soon  after  the  injection  of  nicotine  and  this  probably  gave  rise  to  the 
erroneous  view  that  tbe  renal  secretion  was  increased.  The  uterus  ia 
strongly  contracted  in  pregnant  animals,  but  is  inhibited  in  the  non- 
pregnant cat,  in  which  the  inhibitory  nerves  are  more  powerful  than 
tbe  contractor  ones. 
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The  action  of  nicotine  on  the  Popil  varies  in  different  animals,  for 
while  in  the  cat  and  dog  its  application  either  intravenously  or  locally 
produces  marked  but  transitory  dilation,  in  the  rabbit  partial  con- 
striction sets  in  immediately.  In  cases  of  acute  poisoning  in  man 
contraction  is  generally  seen  at  first  and  is  followed  by  dilatation.  In 
birds  nicotine  causes  very  marked  contraction  of  the  pupil,  appar- 
ently owing  to  direct  action  on  the  muscle  of  the  iris.  The  size  of 
the  pupil  is  regulated  by  two  seta  of  nerves,  the  motor  oculi  and  the 
sympathetic,  and  the  ciliary  fibres  of  both  of  these  are  interrupted  by 
ganglia  in  their  paseage  from  the  brain  to  the  iris,  those  of  the  motor 
oculi  by  the  ciliary  ganglion,  those  of  the  sympathetic  by  the  superior 
oervic^  ganglion  (see  Fig.  37,  p.  288) ;  the  varying  effects  of  nicotine 
may  be  due  to  its  stimulating  the  one  ganglion  more  strongly  in  one 
species  of  animals,  the  other  in  another.  It  is  found,  however,  that 
atropine  does  not  remove  the  effects  of  nicotine  on  the  rabbit's  eye, 
which  would  seem  to  indicate  an  action  on  the  moscular  fibres  of  the 
iris.  Several  other  effects  on  the  orbital  muscles  are  seen;  thus  in 
cats  and  dogs  the  nictitating  membrane  is  withdrawn,  the  eye  opens 
and  is  directed  forwards,  while  in  the  rabbit  these  symptoms  are  pre- 
ceded by  a  stage  in  which  the  nictitating  membrane  is  spread  over  the 
cornea  and  the  eye  is  tigHtly  closed.  These  are  probably  produced 
by  action  on  the  superior  cervical  ganglion. 

Nicotine,  then,  first  stimulates  and  later  paralyzes  all  the  Sympa-  |  i 
thetic  Ganclia,  whether  applied  locally  to  them  or  injected  into  the  V  V 
circulation.  In  these  ganglia,  the  characteristic  formation  is  the 
basket-like  arrangement  of  the  terminations  of  the  entering  nerve, 
which  surround  a  large  nerve  cell  from  which  an  axis  cylinder  runs 
to  the  muscle  or  secretory  cell.  A  nerve  impulse  from  the  central 
nervous  system  passes  from  the  basket  to  the  cell  and  thence  to  the 
periphery.  Langtey  has  recently  shown  that  small  quantities  of  nico- 
tine stimulate  the  cell  of  the  peripheral  neuron,  for  the  same  effect  is 
obtained  from  the  application  of  the  poison  to  the  ganglion  whether 
the  basket-like  terminations  round  the  cell  are  normal  or  have  degen- 
erated. This  renders  it  probable  that  the  paralysis  of  the  ganglia 
observed  from  larger  quantities  of  nicotine  is  also  due  to  action  on  the 
cell  and  not  on  the  terminations. 

In  the  frog  nicotine  produces  fibrillary  twitching  and  slow,  pro- 
longed contraction  of  the  muscles,  which  are  not  prevented  by  previous 
division  of  the  nerves  leading  to  them,  hut  disappear  on  the  injection 
of  curara ;  on  the  other  hand,  the  paralysis  induced  by  curara  may  be 
partially  removed  by  small  quantities  of  nicotine.  This  indicates  that 
the  fibrillary  contractions  arise  neither  from  action  on  the  caitral  ner- 
vous system  nor  on  the  contractile  substance  of  the  muscle  itself.  And 
Langley  has  recently  shown  that  the  fibrillary  twitching  and  slower 
contractions  occur  in  muscles  in  which  the  nerve  ends  have  degen- 
erated  from  division  of  the  nerves,  so  that  nicotine  acta  on  some  recep- 
tive substance  peripheral  to  the  anatomical  nerve  ends.  This  is 
paralyzed  by  larger  amounts  of  nicotine  in  the  normal  animal  and  the 
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muscle  no  longer  contracts  on  stimulation  of  the  nerve.  Nicotine, 
therefore,  acts  on  some  receptor  lying  in  the  path  of  the  nerve  impnUefl 
from  the  nerve  ends  to  the  contractile  subataiice  of  muscle  and  first 
stimulates  it  to  activity  and  later  paralyzes  it  A  similar  effect  ia 
seen  in  reptiles  and  birds ;  in  mammals  the  twitching  of  the  muscles 
is  prevented  by  section  of  the  nerves,  and  is,  therefore,  due  to  central 
action,  but  lai^  quantities  of  nicotine  cause  paralysis  exactly  like 
curara.  The  nerves  of  the  orbital  muscles  are  found  to  be  paralyzed 
sooner  than  those  of  the  rest  of  the  body. 

Kicotine  does  not  seem  to  act  on  Unscvlar  Tiaana  in  general,  although 
some  obscure  symptoms  have  been  ascribed  to  changes  m  the  cardiac 
and  iris  muscle. 

The  convulsions  seen  in  both  cold-  and  warm-blooded  animals  evi- 
dence the  influence  of  nicotine  on  the  Oentral  Hervons  System.  The 
spinal  cord  is  thrown  into  a  condition  of  exaggerated  irritability,  and 
the  refiexee  are  correspondingly  increased,  but  the  convulsions  do  not 
seem  to  be  due  so  mach  to  the  spinal  cord  as  to  the  medulla  oblongata 
and  hind  brain,  for  they  are  not  tonic  but  clonic  in  character,  and  are 
much  weaker  after  division  of  the  cord  immediately  below  the  medulla 
than  in  the  intact  animal.  The  medullary  stimulation  also  betrays 
itself  in  the  rapid  and  deep  respiration,  and  is  perhaps  in  part  respon- 
sible for  the  inhibitory  slowing  of  the  heart  and  the  rise  in  the  blood- 
pressure.  The  higher  centres  in  the  brain  seem  to  participate  hnt 
little  in  the  stimulant  action  of  nicotine,  which  is  short-lived,  and 
soon  gives  way  to  marked  depression  of  the  whole  central  nervous 
system,  manifested  in  the  slow  respiration,  the  low  blood-pressure,  the 
disappearance  of  the  reflex  movements  and  the  final  unconsciousness. 

The  Eicretlon  of  nicotine  is  probably  carried  on  mainly  by  the  kid- 
neys, for  it  ia  found  in  the  urine  very  soon  after  it  enters  the  blood. 
It  has  also  been  detected  in  the  saliva  and  perspiration.  It  has  heea 
shown  repeatedly  that  nicotine  and  some  other  alkaloids  are  weakened 
in  toxic  effect  or  rraidered  entirely  inactive  by  being  mixed  with  an 
extract  of  the  liver  or  of  the  suprarenal  capsules ;  but  no  satisfactory 
explanation  ia  forthcoming,  though  there  is  every  reason  to  suppose 
that  much  of  the  nicotine  absorbed  from  the  stomach  and  intestine  is 
thus  modified  in  its  passage  through  the  liver. 

When  small  quantities  of  nicotine  are  ingested  repeatedly,  the  body 
soon  gains  a  certain  Tolerance,  and  no  symptoms  whatever  are  pro- 
duced by  doses  which  would  in  ordinary  cases  produce  grave  poison- 
ing. A  familiar  example  of  this  tolerance  is  seen  in  the  practice  of 
smoking.  The  first  use  of  tobacco  is  in  the  great  majority  of  indi- 
viduals followed  by  vomiting  and  depression  which  may  even  amonnt 
to  collapse,  but  after  a  few  experiences  no  symptoms  follow  smoking, 
owing  to  the  cells  of  the  body  becoming  tolerant  of  the  poison.  In 
some  individuals  no  such  tolerance  is  developed,  and  in  every  case  the 
tolerance  is  much  more  limited  and  more  difficult  to  acquire  than  that 
for  morphine.  In  animal  experiments  it  is  often  found  that  while 
one  application  of  nicotine  produces  considerable  ganglionic  stimula- 
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tion,  the  second  has  much  leas  effect.  This  is  probably  due,  not  to 
the  establishiiient  of  tolerance,  but  to  the  first  doee  having  produced 
primary  stimulation  and  then  depression  of  the  ganglia,  this  depres- 
sion, while  not  amounting  to  complete  paralysis,  being  sufficient  to 
counteract  to  some  extent  the  stimulant  action  of  the  second  injection. 
True  tolerance  is  attained  very  imperfectly  by  animals  from  the  use 
of  repeated  small  doses,  but  when  larger  amounts  are  used  some  toler- 
ance is  soon  acquired  (Edmunds). 

Nicotine  and  Piturine  are  not  used  in  therapeutics.  Tobacco  was 
formerly  employed  in  the  reduction  of  intestinal  hernia,  and  for  this 
purpose  was  injected  into  the  rectum  in  the  form  of  an  infusion. 
Several  cases  of  poisoning  and  the  introduction  of  general  antesthesia 
led  to  its  diauae. 

Xobeline  fC.aH...iN0a1.  the  alkaloid  of  Lobelia  inflata  or  Indian,  i 
TobBoco.  possesses  almost  exactly  the  same  action  as  nicotine,  and  | 
ammala  which  have  acquired  tolerance  for  nicotine  also  resist  the  | 
action  of  lobeline  (Edmunds). 

FSEPABATIOITS.  ' 

Lobdia  (TJ.  S.  P.,  6.  P.),  the  leaves  and  tope  of  Lobelia  inflata,  U.  8.  P., 
the  dried  herb,  B.  P. 

FluidextTOCtvm  LobeUee  (TJ.  S.  P.),  0.5  cji.  (8  mins.).  ■  — U  A. 

rtnet«HtjUilfiU&.(TT-  S.  P\  1^""    f-'^-^  mina.).  '  ^ 

ftneUra  Lobelia  JEtherea  (B.  P.),  5-15  mins. 

Therapentic  Uses. — Lobelia  was  formerly  need  as  an  emetic,  bnt  is  exceed- 
ingly depressant  and  unreliable,  and  if  vomiting  does  not  occur,  is  liable  to 
give  rise  to  the  most  alarming  symptoms  of  poisoning.  The  only  condition  in 
which  it  is  now  used  at  all  is  spasmodic  asthma,  which  appears  to  arise  from 
paroxysmal  contraction  of  the  bronchial  muscles.  Its  action  certainly  sup- 
ports this  use  of  the  plant,  but  perhaps  it  aids  in  these  conditions  as  much  by 
the  increased  secretion  of  the  mucous  membranes  owing  to  the  nausea  as 
throng  its  action  on  the  motor  nerves  of  the  bronchial  muscles.  Its  effects 
must  be  carefully  watched,  as  the  preparations  seem  to  vary  in  strength,  and 
alarming  symptoms  and  even  fatal  results  have  sometimes  followed  its  use. 

Tobacco. 

Tobacco  had  been  in  nse  among  the  aboriginal  tribes  of  America 
before  they  became  known  to  civilization.  It  was  introduced  into 
Europe  soon  after  the  discovery  of  America,  and  its  use  as  an  article 
of  luxury,  beginning  in  England,  soon  spread  to  the  continent,  and  in 
spite  of  papal  bulls  and  numerous  efforts  on  the  part  of  the  secular 
authorities,  has  continued  to  enthral  a  considerable  portion  of  the 
human  race.  The  moat  widespread  use  of  tobacco — smoking — is  also 
the  most  ancient  one,  having  been  that  of  the  aboriginal  Indians. 
Snuff-taking,  introduced  by  Francis  II.  of  France,  remained  faahion- 
able  for  a  long  time,  but  ia  now  almost  obsolete.  Tobacco-chewing 
ia  a  more  modem  development,  but  shows  no  signs  of  abatement 
Curiously  enough,  the  leaves  of  the  pituri  plant,  which,  as  has  been 
mentioned,  contain  an  alkaloid  nearly  allied  to  nicotine,  are  formed 
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into  a  mass  and  chewed  by  the  natives  of  Australia.  In  amolnn^i'^^vv 
Bnoffing  or  chewing,  nicotine  is  absorbed.  It  has  been  stated  and  the 
statement  has  received  an  mideservedly  wide  circnlation,  that  tobacco 
smoke  contains  no  nicotine  bnt  merely  the  products  of  its  decompo- 
sition ;  bat  as  a  matter  of  fact,  tobacco  smoke,  whether  from  cigars  or 
pipes,  contains  a  certain  amount  of  the  alkaloid  itself,  along  with 
pyridine  and  many  of  its  compounds.  The  amount  of  nicotine  in 
tobacco  smoke  cannot  be  definitely  stated,  as  it  depends  on  the  kind  of 
tobacco,  aa  well  as  on  the  way  in  which  it  is  inhaled ;  but  a  large  pro- 
portion of  that  contained  in  tobacco  passes  over  in  the  smoke.  In 
snnff  the  nicotine  is  generally  small  in  amount,  while  in  chewing 
tobacco  there  is  generaUy  a  varying  amount  of  foreign  matter,  such  as 
molasses.  The  enjoyment  derived  from  the  use  of  tobacco  has  never 
been  explained,  and  it  is  not  even  proved  that  nicotine  is  essential  to 
the  pleasurable  results;  consideration  of  the  pharmacological  effects 
of  nicotine  gives  no  clue,  for  these  are  of  the  opposite  nature.  It  has 
been  suggested  that  smoking  gives  repose  and  thereby  improves  intel- 
lectual work,  but  this  is  denied  by  many  habitual  smokers.  It  has 
also  been  stated  and  denied  that  the  mental  energy  is  reduced  by  the 
use  of  tobacco,  and  an  attempt  has  been  made  to  demonstrate  this  by 
measuring  the  amount  of  work  done  with  and  without  tobacco;  but 
investigators  are  not  agreed  on  the  results,  which  probably  depend 
largely  upon  the  individual.  One  fact  is  certain,  that  the  tobacco 
habit  cannot  be  compared  with  the  use  of  such  drugs  as  morphine, 
cocaine,  or  alcohol,  for  it  is  not  taken  with  the  purpose  of  producing 
stimulation  or  depression  of  the  central  nervous  system,  and  it  seems 
doubtful  whether  the  nicotine  ordinarily  absorbed  really  has  any  action 
whatsoever..  Perhaps  the  local  effects  on  the  mouth,  nose  and  throat 
play  a  larger  part  in  the  effects  of  tobacco  than  is  generally  rect^nized. 
A  certain  amount  of  rhythmic  movement  demanding  no  exertion  seems 
in  itself  to  have  a  soothing,  pleasure-giving  effect,  for  it  is  otherwise 
impossible  to  explain  the  satisfaction  enjoyed  by  many  in  chewing 
tasteless  objects,  such  as  gum  or  straws.  A  curious  fact  which  tends 
to  show  that  tobacco  smoking  is  not  carried  on  for  the  sake  of  the 
nicotine  absorbed  is  that  the  pleasure  derived  from  a  pipe  or  cigar  is 
abolished  for  many  persons  if  the  smoke  is  not  seen,  as  when  it  is 
smoked  in  the  dark. 

Most  people  may  indulge  in  the  moderate  use  of  tobacco  for  many 
years  with  perfect  impunity,  but  its  excessive  use  is  followed  in  many 
individuals  by  a  number  of  symptoms,  some  of  them  trivial,  others 
indicating  grave  changes  in  important  organs. 

One  of  the  commonest  effects  of  overindulgence  in  tobacco  is  a 
chronic  inflammation  of  the  throat  and  upper  parts  of  the  respiratory 
passages,  leading  to  hoarseness  and  excessive  secretion  of  the  mucous 
glands.  This  is  explained  by  the  constant  application  to  the  throat 
of  an  irritant,  alkaline  vapor,  and  is  probably  not  due  to  the  specific 
action  of  nicotine.  A  similar  irritated  condition  of  the  tongue  is 
frequently  met  with,  more  especially  when  the  hot  vapor  is  constantly 
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directed  on  one  part,  as  in  pipe  smoking,  and  it  Ib  Bometimes  Btated 
that  the  constant  irritation  thua  produced  renders  the  tongue  and  lip 
more  liable  to  cancerous  disease.  Dyspepsia,  want  of  appetite,  and 
consequent  loss  of  flesh  may  also  be  explained  by  the  local  irritation 
produced  by  the  nicotine  swallowed  in  the  saliva.  A  common  reBolt 
of  the  abuse  of  tobacco  is  palpitation  and  irregularity  of  the  heart, 
which  has  been  attributed  to  changes  in  the  inhibitory  mechanism. 
Another  important  symptom  is  dimnesB  of  vision,  especially  for  colors, 
and  imperfect  accommodation,  which  may  go  on  to  complete  blindness 
in  one  or  both  eyes.  In  early  cases  the  retina  often  appears  pale,  and 
if  the  condition  persists,  atrophy  of  the  optic  nerve  may  result,  prob- 
ably following  on  degenerative  changes  in  the  ganglion  cells  of  the 
macular  region  of  the  retina.  The  hearing  is  said  to  be  affected  by 
excessive  smoking,  but  the  symptoms  are  indistinct  and  variable. 
Smoking  causes  a  slight  rise  of  blood-pressnre  in  some  individuals, 
and  this  has  aroused  apprehensions  that  it  may  tend  to  favor  arterio- 
BcleroBis,  but  the  change  is  so  slight  that  these  fears  are  quite  ground- 
loBB.  Nervous  symptoms,  such  as  tremor,  exa^eration  of  the  reflexes, 
headache  and  giddiness,  are  'sometimes  developed  in  workmen  in 
tobacco  factories,  but  they  do  not  seem  to  be  induced  by  smoking  or 
chewing  tobacco,  though  depreraion,  muscular  weakness  and  giddiness 
are  sometimes  complained  of.  In  the  great  majority  of  cases  of 
chronic  tobacco  poisoning,  the  symptoms  disappear  on  abandoning  the 
habit,  or  even  on  restricting  the  daily  couBumption.  A  series  of  sub- 
jective and  even  objective  symptoms  are  Bald  to  be  induced  in  neurotic 
subjects  by  the  sudden  withdrawal  of  tobacco. 

Esser  has  recently  stated  that  chronic  nicotine  poisoning  in  animals 
induces  marked  disturbance  of  the  heart,  and  that  degeneration  of  the 
vagus  fibres  are  Tec(^;iuzable  histol<^cally ;  changes  have  also  been 
found  in  the  nerve  cells  of  the  spinal  cord  and  sympathetic  ganglia 
similar  to  those  described  under  chronic  alcoholic  poisoning. 
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ZUL    THE   ATEOFIWE   BEBIES. 

The  atropine  series  containfl  a  number  of  very  closely  allied  alka- 
loids, of  wbicb  the  chief  are  Atropine,  Hyoscyamine  and  Hyoscine  or 
Scopolamine.  They  are  found  in  several  piaats  of  the  Solanacera 
fSlA&Y,  and  m  most  cases  several  of  them  occur  together. 

Atropine  may  be  brok^i  up  by  the  action  of  dkalies  into  an  alka- 
loid, Tropine,  and  Tropic  Acid.  The  former  is  a  pyridine  compound 
very  closely  allied  to  Ecgonine  (see  cocaine)  as  may  he  seen  by  its 
structural  formula,  while  the  latter  is  on  aromatic  acid. 


Tropiu  ndlole.  Troplo  wtd  rtdlale. 

CH.-OH CH, 

N(CH,  )inO— CO-CH— C,H. 

CH,— CH CH,  CH,OH 

Atropine  and  hyoscyamine  are  isomers,  and  in  fact  atropine  has 
recently  been  shown  to  be  a  mixture  of  equal  parts  of  hyoscyamine  and 
destro-hyoscy amine,  which  differs  from  the  ordinary  or  Iievo-hyoBcya- 
mine  in  the  direction  in  which  it  rotates  a  ray  of  polarized  light. 
The  action  of  atropine  is  thus  compounded  of  the  action  of  these  twe 
bodies,  which  differ  very  greatly  in  their  pharmacological  effects, 
although  they  are  almost  identical  in  their  reactions  to  chemieal  rea- 
gents. HyoBcyamine  is  very  readily  changed  to  atropine,  and  this 
generally  occurs  to  a  large  extent  in  the  process  of  extraction  from 
the  plants. 

Hyoscine  or  Scopolamine  was  formerly  supposed  to  be  another 
isomer  of  atropine,  but  has  lately  been  shown  to  differ  slightly  in  its 
formula,  which  is  CijHjiNO^.  It  is  very  closely  allied  to  atropine, 
and  is  decomposed  into  tropic  acid  and  Scopoline  {Oscine),  v\aek  is 
nearly  related  to  tropine,  but  differs  from  it  in  the  number  of  hydro- 
gen and  oxygen  atoms. 

A  number  of  otber  alkaloids  have  been  described  in  different  plants,  gen- 
erally  associated  with  one  or  more  of  those  already  mention^.  But  on 
examination  theae  have  generally  proved  to  be  mixtares  of  atropine,  hyoscya- 
mine  and  hyoscine.  Thus  the  Dvhoiaine  of  Duboisia  myoporoides,  the  Jtfon- 
dragorine  of  Mandragora  (Mandrake]  and  the  Datutine  of  Datura  stramo- 
nium have  all  failed  to  maintain  their  position  as  new  bases  and  have  proved 
to  be  mixtures  of  the  established  alkaloids  in  varying  proportions.  Atropa- 
mine,  a  new  alkaloid  found  by  Hesse  in  some  species  of  Belladonna,  differs 
eJightly  in  formala  from  atropine,  from  which  it  may  be  formed  by  the  appli- 
eation  of  heat;  it  is  decomposed  into  a  substance  which  is  isomeric  with  tro- 
pins, but  which  differs  from  it  in  some  respects  and  which  has  been  called 
fi'tropine.  Atropamine  is  isomeric  but  not  identical  with  Belladonnine,  which 
is  a  compound  of  yet  another  isomer  of  tropine,  hellatropine.  Pieudo-hj/o- 
aeyamme  is  said  to  differ  from  atropine  and  hyoscyamine  in  some  of  its 
chemical  relations,  but  has  not  been  the  subject  of  much  work  as  yet.  3t*W^ 
acftM  is  isomeric  with  scopolamine,  and  the  same  relation  appears  to  exist 
between  them  as  between  atropine  and  hyoscyamine. 
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After  atropine  had  been  found  to  be  a  compound  of  tropine  and 
tropic  acid,  a  numbei'  of  otKer  acids  were  attached  to  tropine  in  the 
aame  vt&y  as  tropic  acid.  These  artificial  alkaloids  are  known  aa  Tro- 
p^nes,  and  in  action  resemble  atropine  in  some  points  while  differing 
from  it  in  others.  Further  study  of  the  action  of  these  tropeines  is 
exceedingly  desirable,  and  promises  to  be  of  considerable  value  in 
practic&l  therapeutics.  The  only  artificial  tropeine  which  has  as  yet 
been  used  in  medicine  is  the  compound  of  tropeine  and  oxytoluic  acid 
known  as  Eomatropine.  Scopoleinea  have  been  formed  by  substitut- 
ing other  acids  for  the  tropic  acid  of  scopolamine,  but  none  of  them 
have  proved  of  value  in  therapeutics  as  yet. 

It  must  be  understood  that  the  combination  of  tropine  and  its  allies 
with  tropic  acid  does  not  partake  in  any  way  of  the  nature  of  the  com- 
bination of  an  ordinary  alkaloid,  such  as  morphine,  with  an  acid. 
The  Ixmd  is  the  much  closer  one  seen  in  the  compound  ethers,  and  the 
resulting  substance  is  alkaline  and  combines  with  acids  to  form  salts 
exactly  as  other  alkaloids  do. 

The  chief  plants  containing  these  alkaloids  are  the  following: 
Atropa  Belladonna  fT>RaH]y  nightshade),  containing  varying  quanti- 
ne^OTTyScyamiie  and  atropine,'  hyoscine,  and  sometimes  atropa- 
mine  ang^iladomiine. 

"^"^boaciainus  nicer  f Henbane) .  containing  h^oscj^amine  and  hyos- 
uano.  with  smaller  quantitiea  of  atropine. 

Datura  Stramonium  CThomapple').  containing  atropine,  hyoscya- 
m^enSff^BBff^iySScRie. 

Of  less  importance  are : 

Daboisia  myoporoides,  containing  hyoscine  and  hyoscyamiue,  together  with 
psendo-hyOBcyamine  and  other  alkaloids.  Another  species  of  Duboisia  eon- 
tains  piturine,  an  alkaloid  nearly  allied  to  nicotine. 

Seopola  atropoides,  containing  hyoscyamine  and  hyoscine,  and  periiape 
amall  quantities  of  atropine. 

Mandragora  aatiimnalis,  or  Atropa  mandragora  (Mandrake),  containing 
hyoscyamine  vith  traces  of  other  alkaloids. 

A  number  of  other  Solanacen — e.  g.,  tobacco  and  potato  leaves,  are  said 
to  contain  small  quantities  of  one  or  other  of  these  alkaloids  but  the  qnantity 
present  here  is  too  small  to  be  of  any  importance.     A  ptomaine  formed  by  I 
the  decompOEdtion  of  fish  and  meat  and  known  as  ptomatropine  also  produces  I 
symptoms  closely  resembling  those  of  atropine  poisoning,  but  has  not  been  | 
isolated  aa  yet. 

These  alkaloids  all  resemble  each  other  closely  in  the  effects  pro- 
duced by  them  in  animals.  Some  differences  in  the  symptoms  exist, 
however,  and  the  action  of  atropine  alone  will  first  be  described  and 
later  the  points  in  which  that  of  hyoscyamine  and  of  hyoscine  differ 
from  it. 

Atropine  acts  as  a  stimulant  to  the  central  nervous  system  and  also 
afect^^^BBB8nr^ieHpBS5F5r^kns ;  in  some  ot  these  tbe  clianges 

*  The  Telatire  proportion  of  atropine  and  I^^wcyamltie  In  all  these  plants  ts  not 
taown,  aa  hyowyamine  to  verr  ohm  >l.«n^  i^  ^tropini.  in  the  proeew  of 
aitractlon.  ^  ^^^^^^^^ 
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are  due  ifo  the  interruption  of  nerve  paths,  while  in  others  these  remain 
intact  under  atropine. 

I  SjrmptomB. — In  man  and  the  higher  animals  small  toxic  doses  cause 
IdrynesB  of  the  skin  and  throat,  thirst,  difficulty  in  swallowing  and 
[hoarseness  in  speaking.  There  is  often  nausea  and  in  some  cases 
'vomiting,  headache  and  giddiness;  the  pupils  are  wider  than  normal 
and  the  sight  may  be  indistinct,  especially  for  near  objects.  The 
respiration  and  ptilse  are  quickened,  or  the  latter  may  at  first  be  some- 
what slowed.  A  symptom  that  is  often  pres^it,  though  by  no  means 
invariably  so,  is  redness  of  the  skin,  more  especially  of  the  head  and 
.neck;  the  conjunctiva  may  also  be  congested.  After  larger  doses 
I  the  same  symptoms  are  observed,  hut  are  soon  followed  by  others  of 
'  graver  import.  The  patient  can  no  longer  swallow,  although  suffer- 
ing from  intense  thirst,  the  heart  is  generally  extremely  rapid,  speech 
is  difficult  and  hoarse,  and  the  pupils  are  dilated  until  the  iris  almost 
disappears.  Restlessness  and  garrulity  point  to  an  increase  in  the 
irritability  of  the  brain;  the  patient  at  first  talks  in  a  perfecdy  normal 
way  but  soon  becomes  confused,  begins  a  soitence  and  does  not  finish 
it,  often  bursts  into  laughter  or  tears,  and  in  short  becomes  delirious 
and  eventually  maniacal.  Often  marked  tremor  of  different  muscles 
may  be  observed,  and  eventually  convulsions  set  in  and  may  be  the 
cause  of  death  through  the  failure  of  the  respiration.  As  a  general 
rule,  however,  the  stage  of  excitement  passes  into  one  of  depresaicoi, 
the  patient  sinks  into  a  sleep,  which  deepens  into  stupor  and  coma, 
the  respiration  and  heart  become  slow,  weak  and  irregular,  and  death 
eventually  occurs  from  asphyxia. 

In  the  frog  the  injection  of  small  quantities  of  atropine  is  followed 
by  a  stage  of  increased  reflex  excitability,  exactly  resembling  that  seen 
under  strychnine.  It  is  generally  of  short  duration,  however,  and  is 
followed  by  a  stage  in  which  the  frog  lies  motionless  and  does  not  react 
to  stimulation  in  any  way.  After  a  variable  time,  sometimes  a  few 
hours,  oftener  several  days,  a  return  of  the  first  symptom  occurs,  the 
reflex  being  much  esa^erated  and  the  tonic  convulsions  described 
under  strydmine  being  generally  developed.  This  stage  slowly  passes 
off  and  the  animal  again  becomes  norm^. 

Action. — These  symptoms,  both  in  mammals  and  amphibians,  indi- 
cate stimulation  of  the  Central  Nervous  System  followed  by  depression. 
Those  observed  in  man  sometimes  resemble  those  seen  in  the  excite- 
ment stage  of  alcohol  poisoning,  and  it  has  been  su^ested  that  in 
both  the  cause  is  rather  a  lessening  of  the  control  normally  exercised 
by  the  higher  powers  over  the  lower  motor  areas  than  a  true  stimula- 
tion of  the  latter.  But  this  is  shown  to  be  incorrect  by  the  fact 
that  in  atropine  poisoning  the  motor  area  is  more  easily  stimulated 
by  the  electric  current  than  normally.  The  stimulant  action  of  atro- 
pine is  also  seen  in  the  increased  reflex  response  to  irritation  of  the 
skin,asweU  as  in  the  augmented  activity  of  the  centres  in  the  medulla. 
The  nervous  ^Tnptoms  under  atropine,  therefore,  arise  from  true 
stimulation  of  the  central  nervous  system,  but  they  are  wholly  different 
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from  those  producea  by  etrychnine,  becauae  the  latter  acts  more  spe- 
cially on  the  lower  parts  of  the  nervous  axis,  while  atropine  acts  more 
strongly  on  the  higher  divisions.  The  most  marked  symptoms  of 
strychnine  poisoning  arise  from  the  spinal  cord  and  medulla  oblongata, 
and  consist  in  increased  reflex  movements  and  convulsions,  while 
those  caused  by  atropine  are  rather  to  be  referred  to  the  brain,  and 
consist  in  increased  coordinated  movements,  such  as  talking  and 
delirinai,  the  esa^erated  reflex  being  of  minor  importance.  In  the 
frog  the  same  effects  are  produced  by  each,  because,  the  higher  parts  of 
the  central  nervous  system  being  less  developed  than  in  the  mammals, 
the  first  symptoms  produced  are  those  arising  from  the  cord. 

Atropine  differs  from  caffeine,  on  the  other  hand,  in  its  effect  on  the 
brain,  for  under  the  latter  the  psychical  functions  are  those  affected 
first  of  all.  It  would  seem  probable,  then,  that  each  of  these  three 
stimulates  the  whole  of  the  central  nervous  system  more  or  less,  but 
that  while  strvchnine  acts  more  strongly  onthelow 
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spinal  cord  and' ,, 

T^BffPSI^trBpm^  occupies  a  midway  position,  and  exercises  its  chief 
aCtfftlf  on  me  motor  diviainuB  of  the  brain.  Thpjm  htp,  rftnHprpH  an 
extin^bie  tliat  the  controlling  areas  can  no  longer  keep  them  in  check, 
and  an  increase  in  movement  occurs  somewhat  resembling  that  seen 
when  the  controlling  areas  are  paralyzed  by  alcohol.  The  stimulant 
action  spreads  downwards  when  large  quantities  have  been  absorbed, 
and  involves  the  medulla  oblongata  and  spinal  cord,  so  that  symptoms 
resembling  those  seen  in  strychnine  poisoning  may  make  their  appear- 
anca  After  the  stimulation  has  lasted  some  time,  depression  sets  in 
and  may  go  on  to  complete  paralysis  of  the  central  nervous  system. 
This  is  fatal  to  mammals  through  cessation  of  the  respiration,  but  in 
the  amphibia  the  paralysis  may  pass  off  after  some  time  as  the  poison 
is  excreted,  and  the  stage  of  stimulation  is  renewed.  Even  during 
the  stimulation  stage  some  symptoms  of  depression  are  to  be  made  out, 
exactly  as  has  been  described  under  strychnine. 

The  peripheral  action  of  atropine  involves  a  number  of  aecretory 
f(^1andBJorg«Tifl  frnn|yining  unstrimH  Tni]R.^»lar  tissiin,  arrl  >.}>»  heart 

Most  ot  the  Secretions  are  decreased  by  the  application  of  atropine 
— salivary,  gastric,  pancreatic,  mucus,  milk  and  sweat.  This  is  due, 
not  to  any  action  upon  the  secretory  cells,  but  to  the  failure  of  nervous 
impulses.  It  has  been  investigated  most  carefully  in  the  salivary 
glands,  but  enough  work  has  been  done  on  the  others  to  show  that  the 
process  is  the  same  in  all.  The  secretion  of  saliva  in  the  normal 
animal  seems  to  occur  only  when  impulses  reach  the  gland  cells  by 
one  of  two  paths — through  the  chorda  tympaui,  or  through  the  cer- 
vical sympathetic  fibres.  If  the  chorda  tympani  he  divided  and  put 
on  electrodes  and  a  canula  be  passed  into  Wharton's  duct,  a  rapid 
flow  occurs  through  it  on  stimulation  of  the  nerve,  which  ceases  or  is 
very  much  diminished  on  stopping  the  stimulation.  If  now  atropine 
be  injected,  stimulation  causes  no  increase  in  the  secretion  and  atro- 
pine, therefore,  seems  to  paralyze  some  part  of  the  peripheral  eecre- 
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tory  apparatus.  The  chorda  tympaui  passes  through  ganglion  cells 
on  ita  way  to  the  gland  cells,  and  the  impulses  might  be  hindered  in 
their  passage  through  these,  as  actually  occurs  under  the  action  of 
some  drugs.  (See  Nicotine.)  But  this  is  not  the  explanation  of  the 
inefficiency  of  chorda  stimulation,  as  is  shown  by  the  fact  that  if  the 
electrodes  be  pushed  into  the  hilus  of  the  gland  so  as  to  stimulate  the 
nerve  fibres  beyond  the  ganglia  no  secretion  follows.  Another  expla- 
nation would  be  that  the  gland  cells  themselves  are  paralyzed  by  atro- 
pine, but  this  is  shown  not  to  be  the  case,  for  on  stimulating  the  sym- 
pathetic, which  supplies  the  same  cells  as  the  chorda  tympani,  the 
usual  secretion  follows.  The  site  of  action  of  atropine,  therefore, 
seems  to  lie  between  the  ganglion  cells  on  the  course  of  the  chorda 
tympani  and  the  secretory  cells,  that  is,  the  point  of  attack  is  the 
terminations  of  the  nerve  fibres  in  the  gland  cells.  The  action  is 
limited  to  certain  definite  terminations,  for  it  has  been  noted  already 
that  the  sympathetic  secretory  fibres  are  not  paralyzed,  and  it  was 
discovered  by  Heidenhain  that  not  all  the  fibres  of  the  chorda  tympani 
are  acted  on  by  atropine.  On  stimulation  of  this  nerve  in  Uie  unpoi- 
soned  animal,  besides  the  increased  secretion,  a  redness  and  swelling 
of  the  gland  is  noticed,  its  temperature  rises,  and  the  blood  escapee 
from  the  veins  in  much  larger  quantity  than  usual  and  in  spurts  as  if 
from  an  artery.  This  is  due  to  the  dilatation  of  the  arterioles  of  the 
gland  from  the  stimulation  of  vaso-dilator  fibres  which  run  along  with 
the  secretory  fibres  in  the  chorda  tympani.  These  fibres  are  not 
paralyzed  by  an  injection  of  atropine,  for  on  stimulation  of  the  chorda 
afterwards  the  same  symptoms  are  produced  as  before,  save  that  no 
secretion  occurs.  Atropinf  ^hPTl  SffPT""  *"  uplpct.  the  terminations  of 
thftjecrgtoiy-fibf(;B  uf  the  chorda  tympani-for  paralyiia  and  to  lonvo 
all  otEers  unaffected.  The  secretion  of  saliva  seems  to  occur  gener- 
aliy  TIBly  on  the  awivifl  of  impulses  by  way  of  the  chorda  tympani,  so 
that  on  the  paralysis  of  its  terminations  the  secretion  ceases  entirely. 

In  the  same  way  the  other  glands  of  the  jnouth,  throat,  nose  and 
respiratory  passages  cease  secreting  after  atropine,  and  the  effect  is 
the  characteristic  dryness  of  the  mouth,  the  hoarseness  of  the  voice, 
and  the  thirst  and  difficulty  in  swallowing  complained  of  after  its 
administration. 

The  secretion  of  the  gastric  juice  has  recently  been  shown  to  be 
diminished  or  entirely  arrested  by  atropine,  which  paralyzes  the 
terminations  of  the  secretory  fibres  of  the  pneumc^astric  nerve  in  the 
stomach.  The  hydrochloric  acid  of  the  secretion  is  more  reduced 
than  either  the  pepsin  or  the  fiuid  as  a  whole.  The  secretion  of  pan- 
creatic juice  is  reduced  after  atropine  and  stimulation  of  the  pneumo- 
gastrio  has  no  effect  on  it,  while  in  the  normal  animal  it  accelerates 
the  flow.  This  has  been  attributed  to  the  paralysis  by  atropine  of 
secretory  terminations  in  the  pancreas,  but  it  has  been  su^ested  that 
it  may  be  an  indirect  result  of  the  action  of  atropine  on  the  gastric 
glands ;  these,  as  is  well  known,  secrete  when  the  vagus  is  stimulated, 
and  their  acid  secretion  passing  into  the  duodenum,  gives  rise  to  the 
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formation  of  secretin  wbicK  in  turn  aronsea  the  pancreas  to  activity ; 
when  the  secretory  fibres  in  the  stomach  are  paralyzed  by  atropine, 
this  chain  is  interrupted.  It  is  possible  that  the  pancreatic  secretion 
ifl  reduced  by  atropine  in  both  of  these  ways.  It  is  not  entirely 
arrested  because  the  secretin  already  formed  continues  to  be  absorbed 
and  to  act  on  the  cells.  The  hile  is  also  said  to  be  somewhat  lessened 
by  atropine.  The  production  of  sugar  iram  the  glycogen  of  the  liver* 
has  been  recently  shown  to  be  controlled  by  branches  of  the  cfeliacf 
plexna,  but  these  have  no  effect  after  atropine,  so  that  the  terminatiousl 
of  the  nerves  in  the  liver  cells  seem  to  be  paralyzed  also. 

The  same  paralysis  is  produced  in  the  terminations  of  the  nerves  in 
the  sweat  glands.  Stimulation  of  the  sciatic  nerve  as  a  general  mle 
produces  perspiration  in  the  foot  of  the  cat  and  dt^,  but  after  atropine 
this  effect  is  absent,  because  the  impulses  cannot  reach  the  cells  through 
the  paralyzed  terminations,  and  the  skin  therefore  becomes  dry  and 
hot.  The  secretion  of  milk  bears  the  same  relation  to  that  of  per^i- 
ration  as  that  of  the  pancreatic  juioe  does  to  the  saliva ;  it  is  increased 
by  stimuli  from  the  central  nervous  system,  but  at  the  same  time  the 
mammary  gland  continues  to  secrete  after  all  its  nerves  have  been 
divided.  Atropine  therefore  lessens  the  secretion  by  paralyzing  its 
nerves,  but  does  not  stop  it  altogether.  The  solids  of  the  milk  seem 
rather  increased  than  diminished  by  the  drug. 

The  kidney  is  not  controlled  so  directly  by  nervous  influences  as  the 
glands  hitherto'  discussed,  and  atropine  causes  little  or  no  change  in 
the  amount  of  urine  except  what  is  probably  the  indirect  result  of  the 
arrest  of  the  other  secretions.  The  secretion  of  lymph  is  not  altered 
by  atropine,  so  that  it  is  probably  not  controlled  by  nerves  in  the  same 
way  as  the  true  secretions. 

All  O^anB  Oontaining  Unstrlped  Hiiacl«  (apart  from  the  arterial  wall)  ■ 
seem  to  be  altered  by  atropine.  Thus  the  movements  of  the  pupil  I 
and  cesophagus  (except  in  animals,  in  which  these  consist  of  striped  I 
muscle),  stomach,  intestine,  bladder,  uterus,  spleen  and  thoracic  duct  \ 
are  lessened  by  ((tropine.  * 

The  dilatation  of  the  pupil  by  atropine  has  been  the  subject  of  a 
very  large  number  of  researches  both  by  physiologists  and  by  practical 
ophthalmologists.  It  occurs  on  internal  administration  as  well  as  on 
the  application  of  minute  quantities  locally,  and  ia  due  to  paralysis  of 
the  myoneural  junctions  in  the  circular  muscle  of  the  iris.  This  ia 
shown  by  the  fact  that  stimulation  of  the  motor  oculi  nerve  or  of  the 
postganglionic  fibres  from  the  ciliary  ganglion  is  without  effect.  This 
limits  the  paralysis  to  the  periphery,  and  that  the  muscle  is  not  acted 
on  is  shown  by  its  reacting  to  electrical  atimulatiou.  The  local  nature 
of  the  action  may  be  further  shown  by  carefully  applying  a  minute 
quantity  of  the  drug  to  one  side  of  the  cornea,  when  dilatation  of  one 
half  or  leas  of  the  pupil  occurs,  the  rest  remaining  contracted.  The 
motor  oculi  (Fig.  27)  constantly  tranamita  impulses  through  the 
ciliary  nerves  to  the  sphincter  muscle  of  the  iris  and  keeps  the  pupil 
moderately  contracted,  and  when  these  impulses  can  no  longer  reach 
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the  iris  owing  to  the  interruption  of  the  path,  the  aphincter  relaxes 
and  the  pupil  dilates.  The  contractile  substance  does  not  seem  to 
be  affected  bj  the  ordinary  application  of  atropine,  but  if  strong  solu- 
tions be  continuously  applied,  it  may  be  paralyzed  by  it  as  by  many 
other  drugs.     Atropine  antagonizes  the  action  of  pilocarpine  in  the 
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pupil  after  degeneration  of  the  motor  oeuli,  and  the  receptor  for  these 
alkaloids  therefore  does  not  undergo  degeneration  and  cannot  be  sit- 
uated in  the  nerve  ends  but  rather  in  the  muscle  between  the  nerve 
ends  and  the  contractile  substance. 

The  constrictor  muscle  is  constantly  opposed  by  dilator  fibres,  and  wben 
the  former  is  thrown  out  of  activity  by  tJie  paralysis  of  the  terminationB  of 
the  motor  oculi,  the  radiating  fibres  cause  an  active  dilatation.  If,  however, 
the  radiating  muscular  fibres  be  separated  from  their  innervating  centre  by 
section  of  the  cervical  sympathetic  nerve  in  the  neck,  they  also  cease  to  con- 
tract and  there  is  no  active  dilatation,  so  that  atropine  causes  less  widening 
of  the  pnpil  than  it  would  if  impulses  continued  to  reach  the  radiating  muscle. 
After  5ie  application  of  atropine  to  the  eye,  the  iris  often  relaxes  with  sufB- 
cient  force  to  tear  weak  adhesions  to  the  lens,  and  if  the  iris  be  attached  at 
two  points  to  the  lens,  atropine  causes  a  bow-shaped  dilatation  between  them. 
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the  concavity  being  directed  inward.  The  dilatation  is  therefore  an  active 
moTement,  accomplished  by  the  contraction  of  the  radiating  muscular  fibres, 
but  these  are  not  put  in  motion  by  the  action  of  atropine  on  the  radiating 
muscles  of  the  iris,  or  their  nerves,  but  by  the  normal  impulses  descending 
from  the  central  nervous  system,  which  after  atropine  are  not  counterbalanced 
by  impnlses  reaching  the  circular  fibres. 

In  ahort,  the  evidence  goes  to  prove  that  atropine  dilatea  the  pupil 
by  paralyzing  the  mvoneiirfll  ]1idciiodb  id  the  circular  muscle.  This 
leaves  ttie  radiating  fibres  unopposed,  and  they  therefore  draw  back 
the  edge  of  the  iris.  The  terminations  of  the  nerves  in  the  radiating 
muscle  fibres  do  not  seem  to  be  affected  by  atropine. 

The  dilatation  of  the  pupil  effected  by  atropine  is  not  quite  maxi- 
mal, for  stimulation  of  the  cervical  sympathetic  trunk  generally 
increases  it,  though  but  slightly.  It  differs  considerably  in  different 
animals,  being  more  complete  in  man,  the  dog  and  the  cat  than  in 
the  rabbit,  entirely  absent  in  birds  and  reptiles  and  elicited  with 
difficulty  in  the  frog.  In  birds  and  reptiles  the  iris  consists  of  striped 
muscle  fibres,  and  accordingly  atropine  has  no  action  on  the  nerve 
terminations. 

In  the  rabbit  and  in  man  the  dilatation  is  sometimes  preceded  by  a 
slight  contraction  due,  it  is  believed,  to  an  irritant  preparation  setting 
up  a  reflex  from  the  conjunctival  sensory  nerves.  When  complete 
dilatation  is  attained,  the  pupil  ceases  to  contract  in  bright  light,  as 
the  impulses  descending  from  the  central  nervous  system  are  pre- 
vented from  reaching  the  muscle,  although  the  rest  of  the  reflex  arc 
is  intact. 

Besides  the  dilatation  of  the  pupil,  a  fnrther  result  of  the  applica- 
tion of  atropine  to  the  eye  is  the  paralysis  of  the  accommodaiion. 
Near  objects  are  no  longer  seen  clearly,  while  distant  ones  are  as  dis- 
tinct as  formerly  or  may  be  even  more  distinct  in  some  eyes.  The 
action  is  here  again  on  the  myoneural  junction,  in  this  case  in  the 
ciliary  muscle.  On  local  application  the  relaxation  of  the  lens  occurs 
later,  and  disappears  earlier  than  the  dilatation  of  the  pupil,  and 
larger  quantities  are  required  to  produce  it. 

The  intraocular  pressure  undergoes  a  considerable  atigmentation  after 
the  local  application  of  atropine  as  well  as  when  it  is  applied  through 
the  general  circulation.  This  is  due  to  the  dilatation  of  the  pupil, 
and  is  a  well-known  result  of  the  application  of  atropine  in  ophthal- 
mology. It  may,  perhaps,  explain  the  pain  and  aching  in  the  eye  and 
the  headache  complained  of  in  some  cases  of  poisoning,  while  in  others 
these  may  be  due  to  bright  light  falling  on  the  retina,  which  is  unpro- 
tected by  the  iris. 

The  terminations  of  the  nerves  in  the  unstriped  muscle  of  the 
CBBophagus  seem  to  be  affected  in  the  same  way  as  in  that  of  the  iris. 
A  curious  contrast  has  been  noted  by  Luchsinger  in  the  behavior  of 
the  cesophaguB  in  rabbits  and  cats,  in  the  former  of  which  the  muscle 
is  striated,  while  in  the  latter  the  upper  part  is  striated,  the  lower 
is  unstriated.  Atropine,  he  found,  paralyzes  the  vagus  in  those  partp 
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which  are  nnstriped,  while  leaving  unaffected  those  id  which  the  fibrea 
are  striped.  Exactly  the  opposite  occurs  after  curara,  which  paralyzes 
the  nerve  supply  of  the  striped  muscle,  while  leaving  the  unstriped 
active. 

It  is  possible  that  the  difficulty  in  swallowing,  which  is  so  well 
marked  in  cases  of  poisoning  by  atropine,  may  be  due  in  part  to  the 
paralysis  of  the  motor  nerve,  hut  it  is  generally  attributed  to  the 
absence  of  the  mucous  secretion  and  consequent  dryness  of  the  passages. 

Dreser  has  shown  that  the  stimulation  of  the  pneumt^astric  does 
not  cause  contracti<Hi  of  the  bronchial  muscle  after  atropine,  while  in 
the  unpoisoned  animal  it  has  this  effect. 

Atropine  has  generally  a  sedative  effect  on  the  movements  of  the 
stomach  and  intestine,  though  vomiting  is  not  infrequently  observed 
in  cases  of  poisoning,  and  less  often  free  evacuation  of  the  contents 
of  the  bowel.  After  very  small  quantities  the  normal  peristalsis  is 
not  affected,  and  the  movement  induced  by  ordinary  doses  of  the  purga- 
tives is  not  arrested,  but  the  griping  pains  resulting  from  large  doses 
or  from  the  more  violent  purgatives  are  absent  or  less  marked  if  atro- 
pine is  given  along  with  them.  Similarly,  the  violent  peristaltic 
and  tetanic  contractions  seen  after  such  poisons  as  pilocarpine  and 
muscarine  are  prevented  by  the  preliminary  injection  of  atropine. 

These  results  suggested  that  atropine  paralyzed  the  terminations  of 
some  of  the  extrinsic  nerves  of  the  stomach  and  bowel  in  the  same  way 
as  it  paralyzes  the  oculomotor  terminations  in  the  iris.  But  this 
proves  to  be  incorrect,  for  the  vagus  and  splanchnic  nerves  continue  to 
exert  their  ordinary  influence  after  atropine.  In  fact,  these  small 
doses  of  atropine  appear  to  arrest  only  certain  abnormal  violent 
forms  of  contraction,  and  as  it  does  this  without  interfering  with  the 
normal  peristalsis  and  without  interrupting  the  path  of  nervous  im- 
pulses from  the  spinal  cord  to  the  bowel,  it  must  be  accepted  that  these 
abnormal  forms  arise  from  some  mechanism  which  is  distinct  from 
that  presiding  over  the  ordinary  peristalsis,  and  which  does  not  lie  on 
the  path  of  the  nerve  impulses. 

Somewhat  larger  quantities  of  atropine  tend  to  increase  peristalsis 
and  this  probably  accounts  for  the  vomiting  and  purgation  that  are 
occasionally  seen  in  cases  of  poisoning.  Magnus  considers  that  the 
alkaloid  causes  this  increased  activity  through  its  action  on  Auei^ 
bach's  plexus,  as  this  effect  disappears  when  the  muscle  is  dissected 
free  from  the  nerve  plexus.  Finally,  very  large  quantities  paralyze 
the  muscle  fibres,  but  this  probably  does  not  occur  in  the  intact  animal. 

Atropine  exercises  the  same  sedative  effect  on  the  movements  of 
other  organs  as  on  those  of  the  bowel.  Thus,  the  spleen,  uterus  and 
bladder  react  like  the  stomach  and  bowel,  several  poisons  failing  to 
induce  contractions,  while  stimulation  of  the  nerves  continues  to  be 
effective.  It  has  been  observed  frequently  in  cases  of  poisoning  that 
the  urine  is  ejected  soon  after  the  ingestion  of  the  poison,  and  subse- 
quently there  is  a  desire  to  micturate  without  the  ability  to  do  so. 
The  preliminary  contraction  of  the  bladder  would  seem  analc^os  to 
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that  of  the  intestine,  and  the  subsequent  inability  to  empty  it  to  the 
diminution  of  the  peristalsis.  The  rhythmical  contractions  of  the 
ureters  are  said  to  be  accelerated  by  small  doses,  but  to  be  slowed  and 
arrested  by  larger  amounts. 

Atropine  paralyzes  the  Inhibitory  Terminations  of  tlie  VagiiB  in  the 
Heart,  and  stimulation  of  this  nerve  therefore  causes  no  changes  in 
the  pulse  after  its  administration.  A  number  of  other  drugs  also 
remove  the  inhibitory  power  of  the  vagus,  but  act  on  a  different  part 
of  the  nerve,  namely,  on  the  ganglia.  That  atropine  does  not  act  here 
but  on  the  terminations  has  been  shown  by  a  number  of  observations. 

FiQ.  28. 
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Tracingi  of  the  Tenfrlde  (lower)  and  auricle  (uppet)  of  th*  dogs  heart.    Darlux 
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Thus,  in  the  normal  fr<^s  heart,  and  even  after  paralysis  of  the 
ganglia  on  the  course  of  the  vagus,  electrical  stimulation  of  the  venous 
sinus  causes  slowing  and  standstill  of  the  heart,  because  the  stimulus 
reaches  the  vagus  beyond  the  paralyzed  ganglia  (Fig,  25,  p.  272)  ;  hut 
after  atropine,  no  slowing  follows  stimulation  of  the  sinus.  Again, 
several  drugs  stimulate  the  ends  of  the  vagus  in  the  heart  and  act  on 
parts  in  which  no  ganglia  exist,  but  these  drugs  have  no  effect  what- 
ever after  atropine.  Small  quantities  of  atropine  have  no  further 
action  on  the  heart  than  the  paralysis  of  the  inhibitory  nerve  ends. 
The  terminations  of  the  accelerator  nerve  are  unaffected,  exactly  as 
the  terminations  of  the  sympathetic  in  the  salivary  glands,  and  the 
heart  muscle  is  neither  stimulated  nor  depressed.  The  heart  is  there- 
fore placed  in  the  same  position  as  if  the  vagus  were  divided  in  the 
neck,  and,  accordingly,  is  accelerated  in  some  animals,  while  in  others 
the  rhythm  is  unchanged.  In  the  dog  there  is  a  marked  'quickening 
of  the  heart  after  atropine,  because  normally  impulses  are  constantly 
transmitted  from  the  inhibitory  centre  in  the  medulla,  and  these  pre- 
vent the  heart  from  beating  as  rapidly  as  it  would  if  freed  from  the 
nervous  control.  In  the  cat  the  tone  of  the  vagus  is  less,  and  the 
changes  produced  by  atropine  are  correspondingly  smaller,  while  in 
the  rabbit  and  frog  there  is  generally  no  inhibitory  retardation  of  the 
heart,  and  atropine  therefore  produces  little  change.     In  man  the 
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effects  vary  consideralily  wiih  the  age  of  the  patient.  The  inhibitory 
fibres  seem  almost  inactire  at  birth,  bnt  theii  tone  increases  with  age 
up  to  25—35  years,  and  from  this  time  leaaena  again  and  is  very  slight 
in  old  age.  Atropine  does  not  quicken  the  heart  in  the  newborn  child, 
but  up  to  about  30  the  acceleration  increases  with  the  age,  and  from 
this  point  onwards  it  lessens  again  until  the  heart  is  accelerated  by 
only  4-B  beats  per  minute  in  patients  between  80-90  years.  Along 
with  the  acceleration  of  the  pulse  the  other  effects  of  vagus  section  are 
also  produced — increase  in  the  extent  of  systole,  decrease  in  the 
diastole  and  augmentation  of  the  output  of  the  heart  per  minute. 

I  Stimalation  of  the  vagus  causes  no  retardation  of  the  poise  aft«r  atropine, 
I  bnt  on  the  contrary,  is  not  infrequently  followed  by  acceleration  from  the 
J  prasence  of  accelerator  fibres  which  are  not  affected  by  atropine. 

I^rge  quantities  of  atropine,  besides  paralyzing  the  vagus,  weaken  and 

depress  the  heart  muscle,  and  the  contractions  consequently  become  slower  and 

weaker  and  the  output  of  the  heart  is  less  than  normal. 

The  peripheral  action  of  atropine  hitherto  discussed  is  due  to  its 
paralyzing  receptors  in  a  number  of  organs.  Some  of  these  are  nor- 
mally put  in  action  by  nerve  impulses,  which  they  transmit  to  the  con- 
tractor or  secretory  cells,  and  their  paralysis  by  atropine  leads  to  the 
failure  of  part  of  the  nervous  control  of  the  organ  (many  glands, 
pupil,  bronchial  muscle,  cesophagus  and  heart).  In  otlaer  organs  the 
receptors  do  not  lie  in  the  path  of  nerve  impulses  and  their  paralysis 
by  atropine  therefore  does  not  affect  the  nervous  control  of  these 
organs  (muscle  of  stomach,  intestine,  spleen,  uterus  and  bladder). 
The  effects  of  atropine  on  these  organs  is  in  fact  only  detected  by  the 
cessation  of  movement  due  to  certain  poisons  which  cause  contractions, 
presumably  from  stimulating  the  same  receptors  as  atropine  paralyzes. 

A  further  question  ia  whether  the  receptors  are  paralyzed  at  once  or 
whether  they  undergo  a  short  stimulation  first.  In  favor  of  the  latter 
theory  seveml  facts  may  be  mentioned,  as  that  the  heart  in  mammals  is 
often  first  slowed  and  then  quickened  by  atropine;  this  may  however  bo  due 
to  the  inhibitory  centre  in  the  medulla  being  stimulated  before  the  termina- 
tiona  are  paralyzed.  The  increase  in  the  intestinal  movements,  which  occurs 
immediately  after  the  injection  of  atropine,  might  also  be  cited  as  proof  of  the 
preliminary  stimulation  of  the  receptors.  In  the  eye  a  short  stage  of  con- 
traction of  the  pupil  not  infrequently  precedes  the  dilatation,  but  it  is  gen- 
erally  believed  to  be  due  to  a  reflex  from  the  application  of  an  irritant  solu- 
tion to  the  conjunctiva. 

Several  alkaloids  stimulate  the  same  peripheral  receptors  which 
atropine  paralyzes,  and  the  interaction  of  the  two  groups  is  of  consider- 
lable  importance.  It  is  more  profitably  discussed  after  the  general 
taction  of  these  poisons  has  been  learned,  and  will  be  taken  up  at  that 
Ipoint  (see  muscarine,  pilocarpine  and  physostigmine ;  compare  also 
picotine  and  the  curara  and  coniine  series). 

The  voluntary  Mnaclea  are  not  directly  affected  by  atropine.  The 
terminations  of  the  motor  Nerval  are  depressed  in  the  frog  by  large 
doses,  but  this  has  not  been  elicited  in  mammals  by  ordinary  methods 


..L.OO' 


glc 


'^^^^fe^W^'^^ 


of  experimental  investigation.^  The  terminations  of  the  sensory 
nerreB  are  depressed  by  its  local  application.  ThuSj  when  a  liniment 
or  ointment  containing  atropine  Ib  applied  to  an  irritated  enrface, 
numhneBB  is  produced  and  the  Bensation  of  pain  is  leBsened.  This 
local  aniesthetic  eifect  is  not  elicited  by  its  internal  administration. 

Oircnlation. — The  effect  of  atropine  on  the  circulation  is  somewhat 
complex,  as,  besides  the  action  on  the  heart,  that  on  the  central  nervons 
syBtem  must  be  considered.  The  heart  is  sometimes  slowed  and  weak- 
ened at  first,  but  is  generally  quickened  from  paralysis  of  the  inhibi- 
tory fibres  in  the  heart,  and  after  very  large  doses  is  weakwied  by  the 
direct  action  on  the  muscle  fibre.  The  blood-pressure  is  often  in- 
ereaaed  by  the  augmented  output  of  the  accelerated  heart,  and  also 
owing  to  stimulation  of  the  vaso-constrictor  centre  in  the  medulla, 
which  contracts  the  arterlolea  in  the  abdomen.  The  constriction  of 
these  vessels  is  accompanied  by  a  dilatation  of  the  arteriolea  of  the  skin, 
from  excitation  of  the  vaso-dilator  centre,  so  that  the  blood  tends  to 
fiow  from  the  abdominal  cavity  to  the  more  superficial  parts.  The 
dilatation  of  the  skin  vessels  is,  however,  insufficient  to  counteract 
altogether  the  contraction  of  those  of  the  abdomen,  so  that  some  in* 
crease  in  the  arterial  tension  often  follows  the  ingestion  of  atropine. 
Larger  doses  of  atropine  lower  the  pressure  immediately  from  action 
on  the  heart,  and  even  small  doses  may  have  this  effect.  The  dila- 
tation of  the  skin  vessels  is  more  especially  seen  in  the  head  and  neck, 
and  here  produces  marked  Bushing  and  a  rash  somewhat  resembling 
that  of  Bcarlet  fever.  That  it  is  due  to  central  action  is  shown  by  the 
fact  that  it  is  prevented  by  division  of  the  sympathetic  trunk  in  the 
neck.  The  rash  usually  disappears  after  a  few  hours,  but  is  some- 
times followed  in  a  day  or  two  by  desquamation.  The  circulation 
always  persists  after  the  respiration  has  ceased,  and  its  failure  is  not 
the  cause  of  death  therefore. 

The  action  of  atropine  on  the  Bespiratioii  has  been  the  subject  of 
much  discussion  in  recent  years.  It  is  sometimes  slower  at  first 
through  some  uiLexplained  central  action,  but  then  becomes  quicker, 
and  according  to  most  observers  also  deeper,  and  the  amount  of  air 
inspired  per  minute  is  considerably  increased.  This  is  due  to  stimu- 
lation of  the  respiratory  centre,  which  undergoes  the  same  changes  as 
the  rest  of  the  central  nervous  system.  After  large  doses  this  quick- 
ened breathing  is  frequently  interrupted  by  convulsive  movements, 
and  such  an  interruption  often  proves  to  be  final.  If  it  returns,  the 
movements  become  shallower  and  Blower  in  the  stage  of  depression  of 
the  nervons  centres,  and  the  failure  of  the  respiration  is  the  cause  of 
death  in  fatal  cases  of  poisoning. 

Atropine  often  induces  a  marked  rise  in  Temperatnie,  the  cause  of 
which  cannot  be  said  to  be  definitely  known.  According  to  Ott  the 
dissipation  of  beat  is  increased,  but  the  heat  formation  undergoes  a 

'  Some  action  ott  the  myoneural  receptore  in  voluntary  musele  is  shoim  t 
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still  greater  augm^itation.  This  seems  to  be  indepoident  of  tlie  cir^ 
CQlatory  clLanges  and  also  of  the  conmlsions,  and  is  attributed  by  him 
to  direct  action  on  the  beat  centres  of  the  brain. 

Atropine  is  Excreted  in  the  urine  in  small  quantities  when  injected 
into  the  dog,  but  most  of  it  imdergoes  complete  oxidation  in  the  tis- 
sues; in  the  rabbit  this  seems  to  be  the  fat«  of  ^e  whole  of  the  drug, 
for  none  is  found  in  the  excretions.^  Yjiung  animals  withstand  mui3i 
larger  quantities  than  adults,  according  to  v.  AflUfiti.  because  tae  brain 
is  leas  highly  developed  and  the  cerfbrnl  Hympti^pia  Hre  therefore  pro- 
duced less  easilT.  itabbita  may  oe  led  for  weeks  on  belladonna  leav^ 
exclusively  without  showing  any  symptoma  of  poisoning,  while  car- 
nivorous animals  and  man  are  very  much  more  sensitive  to  its  action. 
A  curious  case  of  poisoning  is  related  in  which  the  defence  was  made 
that  the  alkaloid  was  taken  accidentally  through  partaking  of  roast 
rabbit,  the  animal's  flesh  having  been  saturated  with  atropine  through 
feeding  on  belladonna  leaves.  It  was  found  that  rabbits  thus  fed 
might,  in  fact,  contain  large  quantities  of  atropine  and  yet  show  no 
signs  of  poisoning.  Von  Anrep  succeeded  in  developing  a  certain 
degree  of  Tol«nutca  in  dogs  through  repeated  administration  of  atro- 
pine, but  it  was  very  incomplete.  The  symptoma  arising  from  the 
central  nervous  system  were  much  less  evident  after  a  few  doses,  while 
those  from  the  heart,  pupil  and  secretory  glands  persisted  after  the 
treatment  had  been  continued  for  some  time. 

HyoBcyaminfl  is  rarely  obtainable  in  pure  form,  as  it  is  almost  always 
mixed  with  atropine,  into  which  it  changes  when  kept  in  solution  and 
perhaps  even  when  dry.  It  paralyzes  the  same  peripheral  mechanisms 
as  atropine,  but  acts  almost  exactly  twice  as  strongly  on  them.  Its 
action  on  the  central  nervous  system  in  mammals  resembles  that  of 
atropine  and  the  fatal  dose  is  the  same,  but  in  the  frog  it  has  less  t^i- 
dency  to  cause  convulsions.  No  narcotic  influence  is  exercised  on 
either  frc^  or  mammals ;  the  belief  that  it  induces  sleep  is  fotinded 
on  observations  in  which  hyoscine  was  mixed  with  the  hyoscyamine 
employed. 

The  action  of  atropine,  as  has  been  stated,  is  componnded  of  that  of  natural 
or  Invorotary  hyoscyamine  with  that  of  its  dextrorotary  isomer.  The  latter 
does  not  exist  free  in  nature  and  possesses  only  a  feeble  action  on  the  nerve 
terminations,  while  it  stimulates  the  spinal  cord  of  the  frog  more  than  either 
atropine  or  hyoscyamine.  The  peripheral  action  of  atropine  is  thus  due  to 
its  containing  hyoscyamine,  and  as  a  grain  of  atropioe  contains  only  half  a 
grain  of  hyoscyamine  the  former  naturally  exercises  only  half  the  effect  of  a 
grain  of  hyoscyamine.  On  the  other  hand,  the  half  grain  of  daztrorotaiy 
hyoscyamine  in  a  grain  of  atropine  is  almost  inert  on  the  nerve  teiminations, 
but  exercises  the  same  effect  on  the  central  nervous  system  as  its  lievorotary 
complement.  Atropine  thus  acts  on  the  central  nervons  system  in  mammals 
in  the  same  strength  as  hyoscyamine,  but  only  half  as  strongly  in  the 
periphery. 

It  the  milk  of  Bome  ■"'■"hIh  and  alw  in  the  fietal 
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Scopolunlne,  or  HTOsdoe,  resembles  atropine  cloeelj  in  ita  peripheral  1 
action.  The  inhibitory  terminationB  in  the  heart  are  psrfdyzed,! 
although  the  therapeutic  dose  in  man  is  too  small  to  elicit  this  effect  I 
and  the  pulse  is  therefore  unaltered  in  rate  or  may  be  slower,  owing  to  I| 
the  hypnotic  actioiL  It  produces  mydriasis  and  loss  of  accommo- 
dation more  quickly  than  atropine,  but  for  a  much  shorter  time ;  pure 
hyoscine  acts  about  twice  as  strongly  on  the  nerve  tenDinations  as 
atropine,  or  about  equally  strongly  with  hyoscyamine.  The  effects  on 
the  central  nervous  system  present  the  greatest  divergences  from  those 
described  under  atropine,  for  the  characteristic  stimulation  is  absent 
in  the  great  majority  of  cases.  As  a  general  rule,  scopolamine  pro- 
duces a  marked  s^isation  of  fatigue  and  droweiness,  and  the  patient 
moves  about  less  and  speaks  less.  Soon  an  overpowering  desire  to 
sleep  is  felt,  and  a  condition  in  no  way  dissimilar  to  the  natural  sleep 
follows.  In  many  cases,  however,  a  short  stage  of  excitement  with 
giddiness,  uncertain  movements  and  difficult  and  indistinct  speech 
precedes  sleep,  and  occasionally  symptoms  exactly  resembling  those 
produced  by  atropine  follow  the  administration  of  hyoscine,  especially 
if  large  doses  are  employed.  Sleep  generally  lasts  from  6-6  hours, 
and  the  patient  may  then  remain  in  a  somnolent  condition  for  several 
hours  longer.  As  a  general  rule,  after  small  doses  no  confusion  is 
complained  of  on  awakening,  but  dryness  of  the  throat  and  thirst  are 
often  present.  Lai^r  doses  do  not  cause  deeper  sleep  but  give  rise 
to  delirium  and  excitement  resembling  those  following  atropine. 

In  one  or  two  cases  coUspse  has  been  observed  after  scopolamine. 
The  vasomotor  and  respiratory  centres  do  not  seem  to  be  stimulated  as 
by  atropine,  the  blood-pressure  falling  and  the  respiration  generally 
becoming  slower  from  the  beginning. 

In  the  lower  mammals  scopolamine  reduces  the  excitability  of  the 
motor  areas  as  tested  by  electric  shocks,  while  the  reflex  excitability  in 
the  frog  is  not  increased  as  by  atropine.  Hyoscine  appears  to  be 
excreted  or  destroyed  in  the  tissues  much  more  rapidly  than  atropine, 
for  its  effects  last  a  shorter  time. 

The  action  of  hyoscine,  then,  seems  to  correspond  with  that  of  atro- 
pine, save  that  the  centrfd  nervous  system  is  here  depressed,  while  the 
action  on  the  peripheral  nerve  ends  is  stronger.  It  depresses  the  brain 
in  very  small  quantities,  J  mg.  (K20  gr.)  being  generally  sufficient  to 
cause  sleep.  It  does  not  seem  to  be  so  dangerous  as  the  others  of  the 
series,  for  a  dose  of  5  mgs.  (-^  gr.)  has  been  recovered  from  in  man, 
and  over  half  a  gramme  (7^  grs.)  administered  to  a  small  cat  did  not 
kill  the  animal.  A  certain  degree  of  tolerance  is  produced  after 
repeated  use,  so  that  the  dose  has  to  be  increased  after  a  week  or  two. 
It  must  be  remarked  that  the  action  of  hyoscine  as  a  hypnotic  differsi 
xiosiderably  from  that  of  opium  and  of  the  members  of  the  methane! 
series ;  it  is  very  much  less  reliable  and  the  sleep  produced  resembleel 
much  more  nearly  natural  sleep.  This  difference  has  not  been  ex-l 
plained,  but  it  seems  probable  that  the  seat  of  action  differs  in  all| 
three. 
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HjOBCine  is  Isvorotaiy  to  polarized  light;  the  racemic  form,  which  is  often 
present  in  commercial  hyoacine,  acta  only  one  half  as  Btrongly  on  the  periph- 
eral organs,  because  in  it  the  l»vorotary  alkaloid  is  mixed  with  the  dex- 
trorotary  isomer,  which  is  almost  inactive.  The  cerebral  action  is  equal  how- 
ever in  the  two  forms. 

The  Other  Natural  Alkaloids  hare  been  less  carefullj  examined  than 
the  three  foregoing ;  such  mixtures  as  duboisine  of  course  combine  the 
effects  of  their  constituents.  The  psendo-hyoacyamine  of  Merck  seems 
to  be  very  feebly  active,  cansing  dilatation  of  the  pupil  on  local  appli- 
cation, but  having  little  or  no  effect  when  given  internally. 

Among  the  Artificial  Tropeines  only  one  has  received  much  attention 
at  the  hands  of  either  experimental  or  practical  therapeutists.     This 

Homatropine,  a  compound  of  tropine  and  mandelic  acid,  which 
is  found  to  be  leas  poisonous  than  atropine  but  to  resemble  it  in  the 
symptoms  produced  by  an  overdose.  The  mydriatic  effects  pass  off 
much  sooner  than  those  produced  by  the  usual  solutions  of  atropine, 
and  are  said  to  appear  more  rapidly  and  to  be  less  complete.  Homa- 
tropine causes  less  increase  in  the  intraocular  tension  than  atropine. 

Several  other  tropeines  have  been  examined  by  Falck  and  Qottlieb,  who 
found  that  they  varied  a  great  deal  in  their  action  on  the  lower  animals. 
Many  of  them  produce  no  paralysis  of  the  oculomotor  or  the  vagus  tenni- 
nations,  while  others  act  here  in  the  same  way  as  atropine,  but  differ  from 
it  in  power.  It  may  be  stated  that  in  general  the  compouads  of  tropine  with 
the  acids  of  the  methane  series  possess  much  less  of  the  peripheral  atropine 
action  than  the  others.  It  was  formerly  believed  that  even  the  compounds 
with  the  aromatic  acids  were  devoid  of  this  action  nnlesB  the  acid  possessed 
a  hydroxyl  group,  hut  this  general  statement  has  been  afaown  to  be  erro- 
neous by  Gottlieb's  work.  A  considerable  variation  also  existB  in  the  effects 
of  the  tropeines  on  the  central  nervous  system,  some  causing  excitement  like 
atropine,  while  others  act  as  depressants  and  therefore  resemble  hyoscine. 

As  has  been  mentioned,  many  of  the  tropeines  eanse  no  paralysis  of  the 
vaguB  inhibitory  terminations  but  they  often  act  as  stimulants  to  the  frog's 
heart.  Tropine  itself  is  a  weakly  toxic,  basic  substance,  which  in  lai^ 
quantities  possesses  this  cardiac  action,  but  does  not  paralyse  the  va^s  nor 
the  oculomotor  terminations  on  local  application.  After  the  injection  of 
lai^  quantities,  dilatation  of  the  pupil  has  been  observed,  it  is  true,  but  this 
f  does  not  seem  to  he  of  the  same  origin  as  that  produced  by  atropine. 

Some  artificial  scopoleines  have  been  examined  recently  by  Schiller,  who 
Eonnd  that  they  differed  from  scopolamine  in  being  devoid  of  action  on  the 
nerve  ends  in  the  pupil  and  heart  and  on  the  salivary  secretion.  They  possess 
a  certain  stimulant  effect  on  the  heart  muscle  like  some  of  the  artificial  tro- 
peines, and  all  produce  more  or  less  depression  of  the  central  nervous  system 
and  narcosis. 

Methy  la  tropine  (Enmydrin)  is  said  to  possess  the  peripheral  action  of 
atropine  but  to  paralyze  the  central  nervous  system.  Its  effects  on  the  pupil 
in  5  per  cent,  solution  are  similar  to  those  of  atropine  in  1  per  cent,  solution. 

The  action  of  the  Omdo  Drugs  is  very  similar  to  that  of  the  active 
principles  already  discussed.  The  peripheral  action  of  all  of  them  is 
therefore  almost  identical  in  kind,  though  varying  in  degree.  In  con- 
sidering their  effects  on  the  central  nervous  system  it  must  be  remem- 
bered that  those  containing  much  atropine  are  more  stimulant,  those 
with  hyoscine  more  sedative.    Inbdladonnapreparationstheguantity 
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of  hyoscyamine  variea  &  good  deal,  and  it  ia  aaid  that  no  atropine  is 
present  in  the  fredi  plant,  but  that  during  the  varioua  proceBsea  of 
extraction  some  or  all  of  the  original  hyoscyamine  becomee  changed  to 
atropine ;  the  relative  proportion  of  these  two  poisons  probably  varies 
in  different  preparations,  therefore.  In  hyoscyamua  and  fil1"P"^''  ^*"' 
presence  of  Bcopolamine  producBa  a  mucA  more  narcotic  effect  than  is 
obtained  from  belladonna,  while  daliira  ifl  g;mjrgUv  a&id  to  beleas 
aedative  than  the  former,  but  lesa  stimulant  than  the  latter.  Uuboiaia 
also  seems  rather  sedative  than  stimulant,  but  its  action  and  that  of 
its  80-calIed  alkaloid  must  vary  considerably,  since  the  latter  consista 
at  one  time  of  hyoecine,  at  another  of  hyoscyamine.  Mandragora, 
containing  hyoBcyamine  and  hyoscine,  probably  resembles  hyoscyamua 
in  its  effects. 

Pbepaeationb. 

U.  8.  P. — "ftyllailntiiir  T"l'".  the  leaves  of  Atropa  Belladonna  containing-    >v~- 
0.35  per  cent,  of  mydriatic  alkaloids.    Dose,  0.065  G.  (1  gr.). 

^■TrB'TTUM  fiF-'*'*"inTJi  J?'oijoedm  {1.4  per  cent,  of  alkaloids),  0.005-     J-.lc^ 
0.(S  Q.  (4,-iA  grl).~ "  '^ 

TiMprnpA  Rm.i.tnnwyji  F^^qboi_(.0.035  per  cent  of  alkaloids),  0.3-1     ■  3  -f  «^ 
e.a.  (5-15  mine.). 

Unguentitm  Belladonme  (0.14  per  cent,  of  alkaloids). 

Emplabtetjm  Bkujdouwj!  (0.4  Tier  cent,  of  «flr*1nii^Bj. 

ijeuaoonne  lumz,  the  root  of  Atropa  Bellailonna  containing  0.5  per  cent.       ,  -»_ 
of  alkaloids.     Dose,  0.045  Q.  {%  gr.).  -'^  T*' 

FluiAgT.ir/u4um  »KllaAom^^  Radini/i  Inii  per  Cent,  of  alkaloids),  0.05-0.1 
e.^  (1-2  mins.).  ' "  "*  "\ 

LmncESTmr  Rm.nnowwa,  containing  camphor. 

HroflCTHnilB,  the  leaves  of  H^oscyamus  niger,  henbane  (O.OS  per  cent,  of 
alkaloids).    Dose,  0.25  G.  (4  grs.). 

ExTEAcniM  Htobcyami  (0.3  per  cent,  of  alkaloids),  0.03-0.2  G.  {H-3grB.). 

Fluidextractum   Byoscyami    (0.075    per    cent,    of    alkaloids),    0.3-1    e.o. 
(5-15  mins.). 

TmcimtA   HYoacTAMi    (0.007   per  cent,   of   alkaloids),   1-4   ce.    (15-  t-sy 

60  irnnsT:        lu-**ja» 

Stramoniimr  tlitf>~dried  leaves  of  Datura  Stramonium  (0.35  per  cent,  of       ,  ^^ 
alkaloids).    Dose,  0.065  G.  (1  gr.).  *' 

Estractum  Stramonii  (1.4  per  cent,  of  alkaloids),  0.01  Q.  (J  gr.).  -^  ^STfb'c^ 

Fluidextractum  Stramonii  (0.35  per  eent.  of  alkaloids),  0.5  c.c,  (1  min.).  '  ^t^ 

Tinetura  Stramem^  (0.03  per  cent,  of  alkaloids),  0.5  c.c.  (8  mins.). 

Unguentvm  Stramonii  (0.14  per  cent,  of  alkaloids). 

Scopola,  the  dried  rhizome  of  Scopola  camiolica  (0.5  per  eent  of  alka- 
loids).    Dose,  0.045  G.  (%  gr.). 

Extractum  Scopola  (2  per  cent,  of  alkaloids),  0.01  G.  (n  gr.). 

Fluidextractum  Scopola  (0.5  per  cent,  of  alkaloids),  0.05  c.c.  (1  mln.). 

B.  P.— Belladonna  Folia,  the  fresh  leaves  and  branches  of  Atropa  Bella- 
donna. 

Bellodoiuue  Badlz,  the  root  of  Atropa  Belladonna. 

Extractum  Bbllakikn^  Aixx>holioi7ic  (1  per  cent  of  alkaloids),  %-lgr. 

Extractum  Belladonme  lAqmdum  {%  per  eent.  of  alkaloids),  ^4-1  min. 

TiNCTURA  'BTiA.axysvM  (f%  per  cent,  alkaloids),  5-15  mins. 

LlNIMENTDU  BbLLADOIIN^. 

JJnguentum  Belladonna. 

EuPLASTRim    B&LLADODNA. 

Suppositoria  Belladonna,  each  containing  ^  gr.  of  alkaloids. 
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HyoBcyuni  Foli*,  the  fresh  leaves,  flovera  and  branches  ot  Hjroscyamaa 


Tinctura  Hyoscyami,  %-l  fl  dr. 

Stnunonii  FoUa,  the  dried  leaves  of  Datura  Stramoiuum. 

Tinetura  Stramonii,  5-15  mins. 


Atropiha  (U.  S.  p.,  B.  p.),  an  alkaloid  (C.JB-NO.)  derived  from  beDa- 
,  i  <^v' donna  and  forming  white,  acicular  crystals,  very  Uttle  soluble  in  water,  but 
^'  »o»      ^lnb'°  in.fyll'nilft]  IIP'^  "^'l"*!   and  having  a  bitter  taste.    O.0O05-O.O01  G^ 

^Sui^ft**  (U.  S.  P.,  B.  P.),  a  white,  crystalline  powder,  with  a 
ite,  soluble  in  water  and  alcohol.     Dose,  as  for  atropine. 
bUatum  Atropinte  (TJ.  8.  P.),  2  per  cent. 
TJnguentum  Atropina  (B,  P.),  4  per  cent. 
ZAquor  Atropina  (B.  P.),  1  per  cent.,  ^4-1  min. 

LamelltE  Atropinte  (B.  P.),  gelatin  discs,  each  containing  g^^gg  gr.  of  atro- 
pine solphate. 

Hyoscxamdik  is  not  procurable  in  even  approximately  pure  form  and 

I  might  well  be  dispensed  with,  as  it  offers  no  advantages  over  atropine.     The 

I  sulphate  and  hydrobromide  have  been  used  in  the  same  dose  as  atropine. 

I        TTv^^an^j.  TTvT>nABB»..Tnm/  (U.  S.  P.,  B.  P.),  {C„H.N0.HBr,3H,0),  the 

hydrobromide  of  hyoscine  or  scopolamine.    It  is  obtained  from  hyoscyamus, 

scopola  and  other  Solanacete,  and  forms  colorless,  transparent  crystals  with  an 

acrid,  bitter  taste,  and  is  very  soluble  in  water,  less  bo  in  alcohol.    0.0003- 

0.0005  G.,  f-i  mg.  {,Jo~r*(r  gr.). 

Seopolamina  Hydrobromidum  (U.  S.  P.)  is  identical  with  Hyoscine  hydro- 
bromide. 

HOMATROPINJ!  HTDBOBBOJODtrM  CD.  8.  P.,  B.  P.),  (C^„NO,HBr),  the 
hydrobromide  of  an  alkaloid  prepared  from  tropine  by  condensation  with 
mandelic  (oxytoluie)  acid,  a  white  crystalline  powder  soluble  in  6  parts  of 
cold  water. 

Lamella  Homatropma  (B.  P.),  homatmpinfl  discs,  each  weighing  -^  gr. 
and  containing  ^^g  gr.  of  homatropine  hydrobromide. 

Therapeutic  Uses, — The  numerous  cbanges  produced  by  atropine  and 
its  congeners  on  the  organism  would  indicate  for  them  a  very  wide 
sphere  of  usefubiess  were  it  possible  to  elicit  their  action  on  one  organ 
without  affecting  others  and  this  difficulty  may  perhaps  be  overcome 
in  the  future,  when  the  different  individuals  of  the  series  have  been 
more  carefully  compared,  and  new  tropeines  and  other  modifications 
of  the  tropine  radicle  are  available  in  therapeutics. 

The  peripheral  action  of  the  whole  series,  as  far  as  it  is  at  present 
known,  is  so  uniform  that  any  member  might  be  used  to  elicit  it,  but 
the  only  one  that  has  come  into  general  use  for  its  peripheral  effects 
is  atropine.  The  purposes  for  which  atropine  is  employed  may  be 
divided  into  groups  as  follows : 

To  Arrwt  or  Leuen  Secretiona. — In  rare  cases  of  excessive  aaUvation 
atropine  has  proved  of  service,  but  it  is  much  more  frequently  used  to 
lessen  the  perspiration,  especially  in  the  later  stages  of  phthisis.  For 
this  purpose  comparatively  small  quantities,  such  as  \  mg.  (y^Do  £70 
given  by  the  mouth  or  hypodermically  are  generally  sufficient,  or  the 
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extract  or  tincture  of  belladoima  may  be  used  inatead.  In  local 
sweating,  it  is  often  applied  locally  in  the  form  of  an  ointment,  lini- 
ment, or  plaster,  although  Tappeiner  has  found  that  it  has  no  effect 
when  thus  employed.  Atropine  is  also  nsed  to  arrest  the  secretion  of 
the  milk,  for  although  it  has  not  the  immediate  effects  on  the  mam- 
mary that  it  possesses  on  the  salivary  glands,  the  secretion  is  dimin- 
ished and  eventually  ceases  under  its  influence,  which  prevents  the 
gland  receiving  any  stimulation  from  the  central  nervous  system. 
Belladonna  is  usually  applied  locally  for  this  purpose  in  the  form  of 
the  plaster,  or  less  commonly  as  the  ointment  or  liniment. 

To  Paralyse  the  Oudlac  Inliibltoiy  Tormlnations. — For  this  purpose 
a  slightly  larger  quantity  ia  required  than  is  necessary  to  stop  the 
secretions,  and  the  administration  of  sufficient  atropine  to  paralyze 
the  vagus  (1  mg.)  therefore  involves  unpleasant  dryness  of  the  throat 
and  difficulty  in  swallowing.  In  cases  where  slowing  of  the  heart 
tends  to  he  dangerous  in  itself,  more  especially  in  poisoning  with 
certain  substances  to  be  discussed  later,  atropine  is  indicated.  It 
may  also  be  used  for  diagnostic  purposes,  to  And  if  bradycardia  is 
dne  to  disease  of  the  heart  muscle  or  to  inhibition.  It  may  be  repeated 
here  that  the  resultant  quickening  is  much  leas  in  old  than  in  middle- 
aged  people,  and  it  is  said  that  in  many  cases  of  old  valvular  lesion 
the  administratioD  of  atropine  ia  followed  by  little  or  no  acceleration. 
Some  forma  of  intermiaaion  of  the  pulae  are  due  to  unusual  activity 
of  the  inhibitory  apparatus,  and  these  may  be  remedied  by  atropine ; 
but  this  intermission  possesses  little  importance,  and  seems  to  require 
no  therapeutic  treatment.  Atropine  may  be  used  to  diagnose  it  from 
the  more  significant  forms  present  in  organic  disease  of  the  heart. 
The  use  of  atropine  to  paralyze  the  vagus  terminations  before  the 
administration  of  an  ansesthetic  has  been  discussed  already.  (See 
page  180.) 

To  FaralTH  the  Terminations  of  tlie  Motor  Nerves  in  the  Irla  and  Oiliarp 
Unscles.^ — It  is  used  for  this  purpose  largely  in  ophthalmology  as  a 
means  of  diagnosis  and  of  treatment,  and  the  precise  conditions  in 
which  it  ia  indicated  may  he  treated  better  in  text-books  on  this  sub- 
ject than  here.  For  these  objects,  solutions  of  the  alkaloidal  salts  are 
generally  applied  to  the  conjunctiva,  when  enough  of  the  alkaloid 
passes  into  the  eye  by  a  process  of  imbibition  to  produce  marked  local 
effects  without  affecting  more  distant  organs.  In  order  to  dilate  the 
pupil,  extremely  dilute  solutions  are  used ;  a  few  drops  of  a  solution 
of  one  in  1,000,  or  even  of  one  in  10,000  are  quite  sufficient.  Much 
strtmger  solutions  are  required  to  paralyze  the  accommodation,  and  as 
a  general  rule  1  per  cent,  is  used.  These  strong  solutions  produce 
complete  paralysis  in  1-lJ  hours,  and  the  accommodation  does  not 
recover  completely  until  ^ter  5-7  days,  while  the  pupil  may  not 
regain  its  normal  size  for  10-14  days.  The  application  of  even 
weaker  atropine  solution  renders  the  sight  imperfect  for  an  incon- 
veniently long  period,  and  hyoscine  and  homatropine  are  therefore 
much  used  in  its  stead.     The  symptoms  produced  by  a  1  per  cent. 
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solution  o£  homatropine  pass  off,  or  at  any  rate  become  very  mnch  less 
marked  in  the  course  of  36  hours,  Theae  are  consequently  preferable 
for  diagnostic  purposes,  while  atropine  iB  rather  to  be  used  where  it 
is  desirable  to  produce  a  paralysis  of  longer  duration,  aa  in  various 
inflammatory  conditions  of  the  iris  or  cornea.  Atropine  is  also  pref- 
erable where  complete  paralysis  of  the  accommodation  is  necessary,  as 
homatropine  often  fails  to  effect  this.  Atropine  and  its  congeners 
are  contraindicated  where  there  is  any  suspicion  of  glancoma,  aa, 
owing  to  their  action  on  the  intraociilar  pressure,  they  may  either 
aggravate  the  disease  already  present  or  precipitate  an  acute  attack. 
When  dilatation  of  the  pupil  is  necessary  and  there  is  reason  to  appre- 
hend the  results  on  the  intraocular  pressure,  homatropine  should  he- 
employed,  as  its  effects  can  he  readily  controlled  by  eserine.  Numer- 
ous cases  of  poisoning  have  arisen  from  the  extensive  use  of  atropine 
in  diseased  conditions  of  the  eye.  It  is  often  asserted  that  it  passes 
down  with  the  tears  through  the  lachrymal  duct  and  is  absorbed  from 
the  nose,  throat  and  stomach,  but  as  a  matter  of  fact  it  may  be  absorbed 
from  the  conjunctiva  itself.  The  symptoms  are  generally  only  the 
milder  ones  of  atropine  poisoning— -dryness  of  the  throat  and  slight 
excitement— but  dangerous  and  even  fatal  poisoning  has  also  arisen 
from  its  local  application.  In  many  cases  this  is  due  to  the  appli- 
cation of  unnecessarily  strong  solutions  to  the  eye,  but,  on  the  other 
hand,  some  patients  seem  abnormally  sensitive  to  the  action  of  atro- 
pine, and  hyoscine,  or  better  homatropine,  ought  to  be  preferred.  In 
rare  cases  a  curious  inflammatory  condition  of  the  conjunctiva  is  set 
up  by  atropine,  and  this  is  often  supposed  to  be  due  to  the  use  of 
irritant  preparations,  but  sometimes  seems  to  follow  the  application 
of  the  alMolutely  pure  alkaloid,  and  is  apparently  an  idiosyncrasy ;  it 
may,  perhaps,  be  explained  by  the  arrest  of  the  ordinary  secretions  of 
the  lachrymal  gland  and  conjunctiva  in  these  cases.  Sometimes  discs 
of  gelatin  impregnated  with  atropine  or  homatropine  sulphate  (B.  P.) 
are  applied  to  the  conjunctiva  instead  of  solutions  of  the  salts. 

To  Relax  Spasm  of  the  Intestines. — In  various  forms  of  colic  atropine 
is  of  very  great  service  in  lessening  pain  and  allowing  the  passage  of 
the  intestinal  contents ;  for  instance,  it  is  preferable  to  morphine  in 
lead  colic,  as  it  does  not  cause  constipation.  Hernia  and  volvulus  are  0 
sometimes  reduced  by  atropine  injected  hypodermically  (3  mg.  or  %o/  v 
gr.).  It  is  often  prescribed  along  with  purgatives  in  order  to  lessen 
the  griping  which  they  produce,  and  has  been  used  as  a  laxative  in 
some  forma  of  constipation  with  considerable  success.  For  action  on 
\  the  bowel  it  is  generally  prescribed  in  pill  form  aa  one  of  the  extracts 
lof  belladonna  or  hyoacyamus.  The  object  of  prescribing  an  impure 
Ipreparation  instead  of  the  alkaloid  is  to  allow  of  a  strong  local  action 
jalong  the  intestinal  wall  along  with  a  slow  and  imperfect  absorption, 
*as  the  pure  alkaloidal  salts  are  liable  to  be  absorbed  in  the  stomach. 
To  Relax  Spasms  of  the  Involimtary  HvBclas  of  Other  Organs. — In  the 
spasmodic  contraction  of  the  ureters  and  bile  ducts  due  to  calculi, 
atropine  ia  occasionally  prescribed  either  in  the  form  of  a  pill  or  in 
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aolntioD  for  internal  use,  or  by  hypodermic  application.  In  some 
forms  of  asthma  due  to  contraction  of  the  bronchial  muscles,  atropine 
has  been  applied  locally  by  means  of  a  spray  or  given  internally,  and 
stramonium  leaves  are  often  found  of  benefit  when  made  up  into 
cigaiettee  and  inhaled  when  the  B.ttack  comes  on ;  the  smoke  has  been 
shovn  to  contain  small  quantities  of  the  alkaloids.  Some  cases  of 
asthma  are  said  to  have  been  permanently  cured  by  treatment  with 
atropine  internally.  An  ointment  of  atropine  has  also  been  applied 
to  the  cervix  uteri  with  the  hope  of  relaxing  spasm  during  labor,  but 
the  results  are  somewhat  questionable.  Perhaps  this  action  in  relax- 
ing spasmodic  contractions  of  nervous  origin  may  also  explain  the 
beneficial  effects  obtained  in  cases  of  incontinence  of  urine  in  children 
in  which  belladonna  has  long  been  the  most  reliable  remedy. 

To  Los8«B  FahL^ — Belladonna  liniment,  plaster  and  ointment  have 
long  enjoyed  a  considerable  reputation  as  local  anodynes,  and  atropine 
has  not  infrequently  been  injected  into  painful  areas.  This  anodyne 
action  is  very  weak  compared  with  that  of  cocaine,  however,  and  the 
preparations  of  atropine  have  been  less  used  of  late  years.  In  some 
forms  of  gastralgia  atropine  has  also  been  suggested. 

Th«  Effscts  on  the  Oentral  Nervous  STBtem  of  the  members  of  this 
■group  are  very  different,  and  the  purposes  for  which  they  are  used  are 
diametrically  opposed.  Atropine  is  used  as  a  stimulant  in  various 
conditions  of  depression  of  the  brain  and  medulla  oblongata.  Thus, 
in  collapse  its  hypodermic  injection  may  be  of  use  to  stimulate  the 
respiratory  and  vaso-constrictor  centres,  and  at  the  same  time  to  free 
the  heart  from  racessive  inhibition.  In  dangerous  poisoning  from 
narcotic  and  hypnotic  drugs,  more  especially  in  opium  poisoning, 
atropine  has  been  largely  used.  A  long  and  weary  dispute  as  to  the 
value  of  atropine  in  those  cases  has  be^  carried  on^  for  the  history  of 
which  the  reader  is  referred  to  the  recent  paper  by  Sasbford.  The 
results  indicate  that  atropine  is  useful  in  morphine  poisoning  through 
stimulating  the  respiratory  centre,  which  is  the  danger  point  But  it 
must  be  employed  in  small  quantities  (1,5  mg.  orj^o  gr,),  as  large  ( 
doses,  such  as  have  frequSRly  been  advised,  tend  to  depress  the  central 
nervous  system  and  thus  to  aid  rather  than  to  antagonize  the  action  of 
morphine  on  the  respiration.  It  may  be  questioned  whether  in  any 
case  atropine  may  not  be  replaced  by  caffeine  with  advantage.  The 
former  stimulates  the  medullary  centres,  but  subsequently  paralyzes 
them,  while  caffeine,  even  in  comparatively  large  quantities,  does  not 
seem  to  have  a  depressant  action  in  man. 

Atropine  at  one  time  had  some  reputation  in  the  treatment  of  epi- 
lepsy. It  has  been  shown  both  clinically  and  experimentally  that  this 
reputation  was  undeserved,  the  number  of  attacks  and  their  violence 
being  rather  increased  than  diminished  by  its  exhibition;  the  belief 
in  its  powers  arose  from  the  use  of  impure  preparations  containing 
hyoscine. 

In  some  spasmodic  diseases,  such  as  whooping-cough,  belladonna 
preparations  have  long  enjoyed  a  wide  reputation ;  a  possible  expla- 
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excitability  of  the  respiratory  centre. 

Hyoscine  or  scopolamine  has  been  used  &a  a  narcotic  to  depress  the 
central  nervous  systeni ;  it  ia  of  great  efficacy  in  insanity,  producing 
sound  and  refreshing  sleep,  but  is  of  less  value  in  controlling  the 
excitement  during  the  day,  and  may  in  fact  increase  it.  Hyoscine  is 
also  used  with  benefit  in  various  forms  of  tremor  of  central  origin, 
and  is  said  to  lessen  sexual  excitement.  Its  hypnotic  action  does  not 
seem  to  be  of  the  same  nature  as  that  of  opium,  for  in  sleeplessness 
produced  by  pain  it  is  of  comparatively  little  value,  and  it  has  no 
power  to  relieve  pain  itself.  It  differs  from  chloral  in  not  inducing 
deep  sleep,  for  patients  under  the  influence  of  hyoscine  can  always  be 
aroused  and  are  much  less  confused  than  after  chloral.  The  special 
indications  for  hyoscine  seem  to  be  sleeplessness  due  to  abnormal 
activity  of  the  motor  areas  and  some  forms  of  tremor. 

Comparatively  recently  morphine  and  hyoscine  have  been  injected 
as  a  preliminary  to  surgical  operations,  but  as  a  general  rule  the 
narcosis  induced  is  insufficient.  As  a  preliminary  to  the  use  of  ether 
the  procedure  seems  to  be  of  value,  as  much  less  of  the  auEestbetio  is 
required;  10  mgs.  (i  gr.)  of  morphine  and  0.3  mg.  (i4oo  gr.)  of 
hyoscine  are  injected  1^  hours  before  the  operation. 

Poisoning. — In  cases  of  poisoning  with  belladonna  and  its  alliee  the 
treatment  is  purely  symptomatic.  In  the  excitement  stage  sedatives 
may  be  used ;  perhaps  chloroform  and  ether  are  best,  as  their  effects 
are  more  transient  than  the  others.  Horphine  has  been  advised,  but 
its  action  on  the  respiratory  centre  renders  its  use  dangerous,  as  in 
severe  atropine  poisoning  the  stimulation  soon  passes  into  depression, 
and  the  effects  of  the  poison  and  its  so-called  antidote  therefore  sup- 
plement each  other.  Chloroform  and  ether,  on  the  other  hand,  may 
be  used  to  control  the  spasms  and  then  stopped  when  these  pass  off. 
In  the  depression  stage  caffeine  may  be  used,  and  evraitually  artificial 
respiration.  Pilocarpine  is  of  course  useless,  as  it  does  not  antagonize 
atropine  in  the  brain,  which  is  the  point  of  danger. 

Bibliography. 

Beeold  u.  Bloeftoum.     TJnterBnch.  ft.  d.  pliTdol.  Laboratot.  ni  Wflreburg,  L,  p.  L 

Heidenliain.     Pflnger'o  Areiiv,  v.,  p.  309,  and  ii.,  p.  335. 

lAtotmnger.     Ibid.,  xv.,  p.  4S2i  xviii.,  p.  5S7,  and  zxri,  p.  459. 

Albertoni.     Arch.  f.  tup.  Path.  n.  Pbartn.,  xr.,  p.  S56. 

Sammerhaeher.     lunger's  Arck,  xniii.,  p.  228. 

liWonov).     Arch,  de  Science  biologitjue,  iii.,  p.  3G3. 

Bine.     CeDtralbl.  f.  klin.  Med.,  1893,  p.  25. 

Ott.     T^ierap.  Qaz.,  1887,  p.  611. 

Alma.     Areh.  f.  Anat.  a.  Plifi.,  1888,  p.  416. 

Baylitt  and  Starling,     Jonra.  of  Phj^ol.,  zxiv.,  p.  89. 

Dixon.    Ibid.,  xxriii,,  p.  67. 

Magnvt.    Erftebnisse  der  Plijiiol.,  ii.  (2),  p.  653. 

Biegel.     ZtBcbr.  f.  Win.  Med.,  jcovii,  p.  381. 

Schiff.     Arch.  f.  VeTdauunftaltrftnkh.,  w.,  p.  107. 

Gottlieh.    Arch.  f.  exp.  Path.  n.  Pbarm.,  xxnil,  p.  218. 

Cuthny,     Jonm.  of  PhTaiologj,  zzx.,  p.  176,  zxxii.,  p.  501. 

BathfoTd.     Arch.  iiit«niat.  de  Phannaeodyn.,  viii.,  p.  311. 


Di.lzerb.GOOgle 


AOASICIN.  303 

VoUmer.    Areh,  f,  atp.  Psth.  n,  Phwin.,  six.,  p.  SSE. 

XomfOtt.    Berl.  klin.  Woch.,  1894,  p.  891, 

OrtowsH.    Din.,  Dorpat,  1S91. 

MvOer.    Diis.,  Dorp&t,  1691. 

StatliaiM.     Am.  Jonm.  of  FbTsio].,  iv.,  p.  482. 

Kootmann.     Arch,  internat.  de  PIJ&idi&cocItii.,  zii.,  p.  109.     (HTOscine.) 

SehXaer.     Aich.  f.  exp.  Path.  n.  Pbarm.,  xzxriiL,  p.  71. 

Anrep.     Fflugei's  Arebiv,  zzL,  p.  78. 

8e\idtt.     AiSb.  I.  Aiiat.  a.  Pb;B.,  1898,  p.  53. 

Thompion.     Ibid.,  1894,  p.  117. 

Wtiti.    Areb.  f.  ezp.  Path.  a.  Phann.,  zxxvi.,  p.  411. 

Strieker  u.  Aptna.  Wiener  SltEongsbei.,  l^tb.-aat.  CUsse,  Izzz.,  Abt.  Hi., 
p.  117. 

5ptro.     Areb.  t.  exp.  Patb.  n.  Pbarm.,  txivHi.,  p.  113. 

WieehowOci.    Ibid.,  xlvi.,  p.  164. 

Webtter.     Bioebemieal  Journal,  iii.,  p.  129, 

Compare  also  the  Literature  of  pil[>carpiiie  and.  maseariiie,  nieotlii^  and 
pbjHostigmiiie. 

Agaricin. 

-  White  Agaric  (Agaricus  albus,  Boletus  Larieia),  a  fungus  growing 
on  the  European  larch  tree,  was  formerly  a  purgative  and  antihydrotio 
of  some  repute.  Its  uae  to  lessen  the  perspiration  (antihydrotic)  has 
been  revived  of  late  years,  or  rather  a  preparation  known  as  agaricin 
and  containing  the  active  principle  has  been  introduced  into  thera- 
peutics. Agaric  or  Agaricinic  acid,  the  active  constituent,  belongs  to 
the  malic  acid  series  and  has  the  formula  Ci^HaTCOH)  (COOH)i. 

Action. — Both  the  acid  and  its  sodium  salt  irritate  the  mnconB  membranes 
and  Tounded  surfaces,  and  cause  inflammation  and  even  suppuration  when 
injected  Hubcntaneously.  Large  quantities  irritate  the  stomach  and  intestine 
and  cause  vomiting  and  pui^ing,  but  these  are  more  liable  to  arise  from  the 
impure  agaricin  owing  to  its  containing  resinous  acids.  Injected  into  the 
frog,  agaric  acid  paralyzes  the  central  nervous  system,  weakens  the  heart 
and  stops  the  secretion  of  the  skin  glands.  In  mammals  the  intravenous 
injection  of  agaric  acid  is  followed  by  depression,  weakness,  dyspniea  and 
death.  The  mednlla  oblongata  is  first  stimnlated  and  then  paralysed,  as  is 
shown  by  the  blood-pressure  first  rising  and  then  falling  to  zero,  while  the 
heart  is  primarily  slowed  by  inhibitory  action  and  later  regains  its  rhythm, 
eventnally  to  fail  after  the  arrest  of  the  breathing.  Animals  can  only  be 
poisoned  with  difficulty  by  the  subcntaneous  injection  of  agaricin,  and  no 
general  symptoms  are  elicited  when  it  is  administered  by  the  month. 

The  most  interesting  feature  of  the  action  of  agaric  salts  is  the 
arrest  of  the  sweat  secretion,  which  is  caused  by  peripheral  action,  for 
stimulation  of  the  nerves  of  the  cat's  foot  fails  to  elicit  perspiration 
after  its  ingestion.  It  thus  acts  on  the  same  peripheral  mechanism 
as  atropine  in  all  probability,  that  is,  on  the  terminations  of  the  secre- 
tory nerves,  but  differs  from  atropine  in  acting  only  in  the  sweat 
glands,  for  the  saliva,  tears  and  other  secretions  are  not  hindered  by 
it,  and  may,  in  fact,  be  increased  by  its  causing  nansea.  It  is  also 
devoid  of  action  on  the  nerve  terminations  in  the  heart  and  pupil. 
Atropine  acts  much  more  powerfully  than  agaric  acid,  at  least  twenty 
times  as  much  of  the  latter  being  required  to  arrest  the  sweat  secretion. 

TTaaa. — ^Agaricin  is  used  in  the  night  sweats  of  phthisis  and  other 
similar  conditions  and  is  generally  given  in  pill  form  in  doses  of  5—60 
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mgB.  (i^l  gr.) .  The  commercial  agericin  often  contains  a  large  per- 
centage of  impurities  and  has  to  be  given  in  larger  quantities,  but  the 
treatment  ought  to  be  begun  with  small  doses.  Tolerance  is  said  to  be 
acquired  after  some  time,  and  the  dose  has  then  to  be  increased.  The 
best  results  are  got  when  the  pills  are  taken  5—6  hours  before  retiring, 
as  die  acid  is  only  slowly  absorbed.  If  agaricin  causes  intestinal 
irritation  and  diarrh(ea  it  may  be  given  with  opium,  but  as  in  phthisis 
all  irritation  of  the  bowel  is  to  be  avoided,  the  remedy  ought  perhaps 
to  be  stopped  when  any  such  disturbance  arises. 

Other  antihydrotics  are  atropine  and  camphoric  acid.  Agaricin  is 
preferable  to  atropine,  because  the  latter  tends  to  cause  dryness  of  the 
throat  and  other  symptoms  when  it  is  giv^i  for  some  time  even  in 
very  small  doses. 

BiBLIOQBAPHT. 

Bofmeitter.    Arcli,  (.  exp.  Path.  n.  Phann.,  xxt.,  p.  189. 

Oatnphoric  Acid. 

Camphoric  acid  is  derived  from  camphor  by  oxidation  and  possesses 
the  formula  CgHi^CCOOHJj.  In  very  large  quantities  it  is  said  to 
elicit  symptoms  from  stimulation  of  the  central  nervous  system  resem- 
bling those  observed  in  camphor  poisoning,  but  it  acte  much  leas 
powerfully  than  camphor  and  in  fact  is  stated  by  some  authors  to  be 
devoid  of  toxic  effects.  On  the  other  hand,  it  acts  on  the  terminations 
of  the  secretory  fibres  to  the  sweat  glands  in  the  same  way  as  atropine, 
for  |^i1^<n-p:T.n  -foil..  If,  JTiHnrw  perspiration  after  itjt  ftdminiatration. 
Tta  Action  w>^Tpa  tfi  hft  pjmfined  to  t.hpffl  (^InTiila  fnr  it  does  not  arrest 
aalivation  nor  dilate  the  pupil. 

Acidum  campkoricum  (U.  S.  P.),  S^CioS-nOt,  an  acid  obtained 
.  rt  ^  by  the  oxidation  of  camphor,  forms  colorless  crystals  slightly  soluble 
*  '  *        in  water.     Dose  1-2  O.  (15-30  grs.). 

Uses. — It  has  been  used  to  lessen  the  night  sweats  of  phthisis  and 
^  other  similar  conditions,  and  is  given  for  this  purpose  in  powders  of 
15-80  grs.  It  is  slowly  absorbed  and  should  therefore  be  given  an 
hour  or  two  before  bedtime.  It  possesses  the  advantage  over  atropine 
of  not  causing  dryness  of  the  throat  and  indistinct  vision,  and  on  the 
other  hand  does  not  tend  to  disturb  the  digestion  as  agaricin  often 
does.  But  it  is  much  less  certain  in  its  effects  than  atropine,  and 
according  to  some  authorities  is  of  comparatively  little  value. 

BlBLIOOEAPHY, 
BtooJcman.     Edinburgh  tied.  Jonra.,  1607,  L,  p.  15. 
Fvgilani.     Arch,  intemat.  de  PbarmaeodTii.,  zri.,  p.  278. 
Vejvx-TyTode.     Ibid.,  xviii.,  p.  S93. 

XI7.    COCAINE. 

Cocaine  is  a  comparatively  recent  addition  to  therapeutics,  although 
the  coca  plant  has  been  in  use  in  South  America  for  centuries.  It  is 
indigenous  there,  but  baa  been  introduced  into  India,  Ceylon  and 
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Java.  Tile  leaves  of  the  coca  grown  in  Pern  and  Bolivia  contain 
cocaine  along  with  small  quantities  of  other  alkaloids,  but  the  India 
coca  and  still  more  the  Java  leaves  contain  a  smaller  proportion  of 
cocaine  and  a  larger  amount  of  the  less  known  alkaloids. 

Cocaine,  like  atropine,  ia  readily  decomposed  into  several  constit- 
uents. On  heating  it  with  water,  methyl  alcohol  is  thrown  off,  leav- 
ing Beiizoyl-eegonine,  which  may  be  further  broken  up  into  benzoic 
acid  and  Ecgonine,  a  pyridine. derivative. 

CoalDS. 

J,— CH CH  COOCH, 

1 -HO-CO-CH, 


H(CH),CH'C 
CH,— CH — -CH, 


Cocaine  is  capable  of  beio^  changed  in  several  different  parts  of  its  stmc- 
tore.  Thus  ethjl  or  propyl  may  be  snbBtitnled  for  the  methyl  gronp,  the 
benzoyl  radicle  may  be  replaced  by  various  otheia,  Buch  as  cinnamyl,  and  so 
OD.  Many  artificial  cocaines  have  been  formed  in  this  way,  and  aeveral  of 
these  have  since  been  found  in  the  cultivated  plant,  as  for  example  Cintut- 
myl-cocaine,  in  which  cinnamyl  occapies  the  position  of  benzoyl  in  the  above 
formnla,  Varions  other  alkaloids,  such  as  Cocamine,  laoeocamine,  Hotnocoea- 
mine  and  Homouococamina  are  also  present ;  all  of  Uiese  contain  the  ecgonine 
molecule  in  combination  with  various  acids,  and  cocaine  may  be  formed  from 
all  of  them  by  isotatiDg  the  ecgonine  and  combining  it  with  benzoic  acid  and 
methyl.  These  alkaloids  are  present  in  the  plant  in  very  small  quantities 
compared  with  cocaine  and  have  not  been  used  therapeutically.  Another 
alkaloid  which  has  been  found  in  the  Java  coca  is  Tropacocaine,  which  is  a 
combination  of  benzoic  acid  and  a  base  (0,HuNO].  It  will  be  observed  that 
the  formula  of  ecgonine  resembles  very  closely  that  of  tropine,  each  containii^ 
the  same  nucleus,  but  differing  slightly  in  the  radicles  attached  to  it. 

The  most  important  effects  of  cocaine  are  those  on  the  central  ner- 
vous system  and  on  the  sensory  nerves. 

Symptoms. — The  symptoms  of  cocaine  poisoning  in  man  vary  a  good 
deal  in  different  individuals.  In  most  eases  small  quantities  produce 
some  excitement,  pleasurable  or  disagreeable.  The  patient  is  gener- 
ally restless  and  more  garrulous  than  in  ordinary  life,  often  somewhat 
anxious  and  confused.  But  very  often  a  small  dose  is  followed  by  a 
calm,  languorous  stat«,  somewhat  resembling  that  induced  by  small 
quantities  of  morphine,  but  differing  from  it  in  there  being  less  ten- 
dency to  sleep.  The  pulse  is  accelerated,  the  respiration  is  quick  and 
deep,  the  pupil  generally  dilated,  and  headache  and  dryness  of  the 
throat  are  often  complained  of .  The  reflexes  may  be  found  somewhat 
more  easily  excited  than  usual  and  tremors  or  alight  convulsive  move- 
ments often  occur.  Later,  powerful  tonic  or  clonic  convulsions  supe^ 
vene,  the  heart  becomes  extremely  accelerated,  the  breathing  become* 
rapid  and  dyspnisic  and  may  be  finally  arrested  during  a  convulsion. 
In  other  cases  the  convulsive  seizures  are  almost  entirely  absent  and 
fainting  and  collapse  occur.  The  skin  is  cyanotic  and  cold,  the  heart 
slow  and  weak ;  the  respiration  is  very  much  depressed  and  death  fol- 
lows from  its  gradual  cessation.  Vomiting  is  occasionally  seen  at  an 
early  stage,  but  is  not  by  any  means  conmion. 
20 
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In  the  dog,  cat  and  rabbit  the  symptoms  are  invariably  those  of 
stimulation  of  the  central  nervous  system.  Soon  after  the  injection 
the  animal  shows  symptoms  of  great  reatleasness  and  excitement ;  it 
seems  miable  to  beep  still,  the  dc^  at  first  showing  all  the  signs  of 
affection  and  excitement  which  he  displays  on  ordinary  occasions  on 
being  unchained  or  taken  for  a  walk,  but  afterwards  running  contin- 
ually in  a  circle  and  paying  but  little  heed  to  anything  aronnd  him. 
Still  later  regular  convulsions  occur,  and  these  are  at  first  clonic,  but 
may  afterwards  become  tonic,  and  then  resemble  those  seen  in  strych- 
nine poisoning.  Even  before  the  convulsions  appear  the  animal  seems 
partially  uueonseiouB,  and  in  the  intervals  between  them  he  lies  in  an 
apathetic  state,  which  soon  deepens  to  coma  and  death  from  asphyxia. 

In  the  fr(^  a  certain  amount  of  stimulation  of  the  c^itral  nervous 
system  is  often  displayed  after  small  doses — increased  movement, 
exaggerated  reflex  and  occasionally  convulsions — but  these  soon  pass 
into  depreasion  and  eventually  total  paralysis  of  the  central  nerrons 
system,  while  the  peripheral  nerves  still  maintain  their  functions. 

Oeneral  Action, — Many  of  these  symptoms  point  to  a  stimulant 
action  on  the  Central  NerronB  System,  resembling  closely  that  seen  in 
atropine  poisoning.  Thus  the  garrulity  which  is  so  often  produced 
by  cocaine  indicates  an  increased  activity  of  the  cerebrum,  and  the 
increased  movement  in  the  lower  animals  distinctly  points  to  an  affec- 
tion of  this  part  of  the  brain,  for  the  movements  are  perfectly  coordi- 
nated, and,  in  fact,  in  the  early  stages  resemble  exactly  those  performed 
by  the  normal  animal  in  a  condition  of  excitement.  Further  evidence 
of  the  action  of  cocaine  on  the  cerebrum  is  offered  by  its  effects  on 
muscular  work.  The  natives  of  Peru  and  Bolivia  have  used  it  for 
centuries  to  increase  their  endurance  of  fatigue.  The  bearers  of  the 
Andes,  for  example,  march  for  hours  and  days  with  very  little  reat  or 
food  when  they  are  supplied  with  coca  leaves  to  chew.  The  effects  of 
cocaine  on  the  muscular  power  and  on  fatigue  have  been  investigated 
also  by  means  of  the  ergograph  and  dynamometer,  and  all  observers 
are  at  one  in  asserting  that  much  more  work  can  be  done  after  cocaine 
dian  before  it,  and  that  it  has  a  surprising  potency  in  removing  ' 
fatigue.  As  regards  mental  work,  its  effects  are  less  known,  but  on 
the  analogy  of  caffeine  it  may  be  supposed  to  increase  the  mental 
powers  also  when  takoi  in  small  quantities.  Some  travellers  in  South 
America  relate  marvellous  tales  of  its  producing  feelings  of  the  highest 
blisH  and  power,  but  these  have  not  been  confirmed  by  experience  in 
the  action  of  cocaine  in  less  romantic  regions  of  the  globe.  Cocaine 
in  small  quantities,  then,  iucreases  the  higher  functions  of  the  cere- 
brum, while  in  somewhat  larger  doses  the  stimulant  effect  spreads  to 
the  lower  areas  and  produces  a  very  great  increase  in  movement, 
accompanied,  it  would  seem,  by  a  depression  of  the  consciousness. 
At  the  same  time,  the  coordinating  or  balancing  powers  seem  affected, 
so  that  the  animal  generally  moves  in  a  circle,  the  symptoms  resem- 
bling the  forced  movements  often  seen  in  affections  of  the  cerebellum. 

The  motor  areas  of  the  cerebrum  have  been  found  to  be  more  easily 
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Btimnlated  by  the  electric  shock  when  cocaine  is  injected,  thongh  when 
it  ia  painted  on  the  aurface  of  the  brain  it  lowers  the  irritability,  owing 
to  its  being  present  in  too  great  concentration.  Still  larger  quantities 
induce  convulsions,  which  are  not  of  spinal  origin,  but  point  rather  to 
action  on  some  undetermined  part  of  the  hind  brain.  At  an  early 
stage  the  medulla  oblongata  is  affected,  as  is  shown  by  the  quicken^ 
respiration,  and  the  exaggerated  reflexes  indicate  stimulation  of  the 
spinal  cord,  which  may  be  ao  great  after  very  large  doses  as  to  canee 
convulsions  like  those  produced  by  strychnine.  The  action  of  cocaine 
on  the  central  nervous  system  is  primarily  a  descending  stimulation, 
the  cerebrum  being  first  affected,  then  the  hind  brain  and  medulla 
oblongata,  and  last  of  all  the  spinal  cord.  Perhaps  it  might  be  better 
expressed  by  saying  that  after  small  quantities  the  chief  symptoms 
arise  from  the  cerebrum,  but  as  the  dose  is  increased  those  from  the 
lower  parts  of  the  central  axis  tend  to  become  more  prominent.  After 
the  stimulation  there  succeeds  depression,  which  follows  the  stimula- 
tion downwards,  affecting  first  the  cerebrum  and  then  the  lower 
divisions.  The  two  stages  are  not  definitely  divided,  however,  one 
part  of  the  ceiiebruni  often  showing  distinct  depression,  while  another 
is  still  in  a  condition  of  excessive  activity.  In  some  cases,  especially 
in  man,  the  stage  of  excitement  may  be  very  short  or  apparently 
absent  and  the  whole  course  of  the  symptoms  then  points  to  medullary, 
depression. 

The  Respiration  after  cocaine  is  much  accelerated,  owing  to  central 
stimulation.  At  first  the  depth  of  the  movement  is  not  changed,  but  ' 
as  the  acceleration  progresses  the  air  inspired  with  each  breath  grad- 
ually becomes  less.  During  the  convulsions  the  respiration  is  iri^g- 
ular  or  ceases,  but  it  recovers  again  in  the  intervals,  until  after  a  very 
violent  paroxysm  it  fails  to  be  reinstated.  In  other  cases  the  breath- 
ing becomes  ^awer  and  weaker  after  a  time,  and  eventually  stops 
from  paralysis  of  the  centre.  Periodic  respiration  is  frequently  seen, 
of  the  form  generally  known  as  Cheyne-Stokes'.  (See  Morphine, 
page  218.) 

The  Circiilation  is  altered  by  cocaine,  owing  to  its  action  on  the 
heart  and  on  the  vessels.  The  heart  ia  much  accelerated  in  mammals, 
while  in  the  amphibians  this  is  less  often  observed.  The  quickening 
has  been  ascribed  to  paralysis  of  the  inhibitory  terminations,  but  this 
seems  not  to  be  the  case,  for  stimulation  of  the  vagus  slows  the  heart 
even  late  in  the  poisoning.  The  heart  is  accelerated,  theuj  either  by 
direct  action  on  the  muscle  or  by  stimulation  of  the  accelerator  mech- 
■  anism.  It  is  often  slow  before  death,  but  apparently  not  invariably, 
and  this  is  probably  due  to  direct  action  on  the  muscle.  In  the  fro^a 
heart  the  inhibitory  apparatus  is  paralyzed,  the  ganglia  being  affected 
in  the  same  way  as  by  coniine  and  other  drugs. 

The  vessels  are  much  contracted  in  the  earlier  stages  of  poisoning, 
and  this,  together  with  the  increased  rate  of  the  heart,  leads  to  a  very 
considerable  rise  in  the  blood-pressure.  The  constriction  of  the  vessels 
seems  partly  due  to  stimulation  of  the  Taso-constrictor  centre,  for 
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flection  of  the  eplanchnie  nerves  leads  to  an  immediate  fall  in  the 
arterial  tension.  But  cocaine  also  exercises  a  direct  action  on  the 
vessel  walls,  for  its  local  application  leads  to  constriction  of  the  vessels 
and  blanching  of  the  mucous  membranes.  It  has  not  been  determined 
as  yet  how  far  this  direct  action  on  the  vessel  walla  affects  the  blood- 
preflBure  when  cocaine  is  absorbed  or  when  it  is  injected  intrave- 
nously. The  blood-pressure  subsequently  falls,  apparently  from  periph- 
eral action,  if  Anrep's  assertion  that  stimulation  of  the  splanchnic 
then  produces  no  further  rise  of  pressure  be  correct. 

The  effects  on  the  peripheral  Nflrves  and  Unsclss  are  disputed,  for 
!Mosso  states  that  small  quantities  increase  the  strength  of  the  muscular 
contractions  on  electrical  stimulation  both  in  man  and  animals,  while 
others  have  failed  to  obtain  any  such  effect. 

After  the  injection  of  cocaine,  Anrep  observed  marked  pallor  of  the 
Intestine  and  powerful  peristalsis,  while  very  large  doses  caased  dila- 
tation of  the  mesenteric  vessels  and  lessened  the  movements  of  the 
bowel  probably  through  paralyzing  the  local  nervous  mechanism. 

The  Urine  is  sometimes  said  to  be  increased  by  cocaine,  while  in 
other  instances  its  injection  has  been  followed  by  total  anuria  lasting 
for  several  hours.  This  suggests  that  the  action  is  not  a  direct  one  on 
the  kidney,  but  is  caused  merely  through  the  changes  in  the  calibre 
of  the  vessels. 

The  other  Secretlom  seem  rather  decreased  than  augmented,  but  no 
Ferj  marked  effects  are  produced  on  them. 

The  Temperatare  generally  rises  in  cases  of  poisoning,  sometimes  as 
much  as  3-5"  C,  from  increased  heat  formation  caused  by  cerebral 
«ction.  Langlois  and  Richet  observed  that  the  higher  the  tempera- 
ture of  the  animal  the  more  easily  were  convulsions  produced  by 
cocaine  and  the  more  severe  their  type. 

It  used  to  be  supposed  that  cocaine  retarded  the  Tissue  Change  and  that 
less  food  was  required  when  it  was  sappUed.  This  was  based  on  the  state- 
ment of  the  endurance  of  the  natives  of  South  America  when  they  were 
allowed  to  chew  coca  leaves,  and  on  the  discovery  that  the  leaves  also  allay 
hunger  to  some  degree.  But  the  increase  in  the  working  power  is  due  to 
the  effects  on  the  central  nervons  systein,  while  the  craving  for  food  is  prob- 
ably lessened  owing  to  the  cocaine  indacing  nombnees  of  the  sensor;  nerves 
of  the  stomach  through  its  local  action. 

A  curious  effect  of  cocaine,  noted  by  Ehrlich  in  mice,  is  a  widespread 
destruction  of  the  hepatic  cells,  which  become  infiltrated  with  fat  and  often 
undei^  necrosis. 

Some  cocaine  is  Excreted  by  the  kidney  in  the  dog  when  it  is 
absorbed  into  the  blood,  but  95  per  cent  of  that  ingested  is  destroyed  . 
in  the  tissues,  and  this  is  the  fate  of  all  of  it  in  the  rabbit,  in  which 
this  oxidation  proceeds  very  rapidly.  It  is  unknown  whether  it  is 
oxidized  in  man,  who  is  much  more  susceptible  to  its  action  than  these 
animals. 

Local  Action. — Cocaine  applied  locally  in  most  parts  of  the  body 
produces  a  loss  of  sensation  through  its  paralyzing  the  T*niU!^tioM^f 
meaat,  at  tti«  ftanynry  Nervfls,  particularly  those  conveying  impressions 
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bod^  C/Ocainfi  applipH  t.n  thp.  i/>nfnif\  rfTnnve-alhp.  tfffi{ii  oj:  bitter  sab- 
BtapceBi  while  sweeten d^  acid  fluids  lose  their  taste  only  partially, 
and  satt  is  recognized  as  easily  &h  usual?  i  solution  applied  tirthe 
nassl  mucous  membrane  paralyzes  the  aenae  of  smell  entirely.  The  ■ 
anEesthesia  or  insensibility  io  paill  unfl  toucn  may  be  mduced  in  any  I 
<xf  the  mucoos  membranes  that  can  be  reached  by  cocaine  in  sufficient  1  , 
concentration, pbaryns,larynz,(B80phagus,Btomach,  nose,  eye,  urethra, 
bladder,  vagina  and  rectum.  Applied  to  the  unbroken  skin  its  effects 
are  less  marked,  as  it  penetrates  but  slowly  through  the  homy  epi- 
dermis ;  but  when  the  epidermis  is  removed  by  abrasions  or  by  skin 
disease,  the  cutaneous  organs  of  sensation  are  acted  on  in  the  same 
way  as  those  of  the  mucous  membranes.  The  deeper  sensory  termi- 
nations can  also  be  acted  on  by  hypodermic  injection,  which  causes  a 
fBBUng  of  mimhT^^  anrl  t.ho  rplipf  of  pain  JQ  the  part.  Hypodermic 
injection  reaches  not  only  the  nerve  terminations  of  the  snbcutaneous 
tissues,  but  also  the  finer  nerve  bundles,  and  these  too  are  rendered 
insensible  as  far  as  the  solution  extends  to  them.  The  part  may  there- 
fore be  cut  into  or  be  subjected  to  other  surgical  treatment  without 
pain,  as  long  as  the  knife  does  not  pass  beyond  the  area  to  which  the 
drug  has  penetrated,  and  numbers  of  grave  surgical  operations  have 
been  performed  under  the  local  ansssthesia  produced  by  cocaine.  In*  | 
jected  into  the  neighborhood  of  a  nerve  trunk,  cocaine  penetrates  into 
die  fibres  and  induces  ansestheeia  of  the  organs  supplied  by  the  nerve, 
and  injected  into  the  spinal  canal  it  causes  anteathesia  over  large  area? 
of  the  body,  sometimes  over  almost  the  whole  body ;  this  is  probably 
due  to  its  acting  on  the  noBterior  roots  of  thp  /•r^rA  It  must  be  noted 
that  die  anf^thesia  is  only  produced  by  the  local  application  of  the 
drug.  The  internal  administration  only  leads  to  a  partial  loss  of 
sensation  in  the  throat  and  stomach,  and  Tjn  Hntpjit.hpRi'a  ih  inducad  by 
ita  action  aftar  it  reacheH  t.hn  hlood  vf^HnelH.  The  reason  for  this  evi- 
dently is  that  in  order  to  paralyze  the  sensory  fibres  and  terminations 
a  considerable  amount  of  the  drug  is  required,  but  much  less  is  neces- 
sary to  paralyze  the  central  nervous  system.  Even  in  the  frog  the 
sensory  terminations  are  not  fully  paralyzed  until  all  symptoms  of 
reflex  excitability  have  disappeared  and  total  paralysis  has  supervened. 

Cocaine  applied  to  a  nerve  trunk  proves  to  have  a  distinct  selective  | 
action,  for  thn  HananrY  fibrpg  fail  to  copduct  senaory  impressions,  while  1 
motor  impiili""'  pnaa  t>i[rr"igh  the  hbrea  without  dimculty.     Similarly.  I 
when  It  isinjected  into  the  spmal  canal,  complete  loss  of  sensation 
in  the  lower  part  of  the  body  follows,  but  the  movements  are  almost 
onimpaired.      This  selection  is  only  relative,  for  larger  quantities 

'  A  enrioiu  eoutrut  i>  prwented  in  tbia  respect  t^  gjinneniic  acid,  vbieh  ia 
obtained  from  the  Gymnenut  silvestre,  and  which  removea  the  sensation  of  sweet- 
neM,  while  "bitter"  is  less  affected  and  "acid"  and  "salt"  are  recogni: 
leadj^  SB  nsnal.  OTiimemic  add  does  not  affect  anj  other  sense  organs,  i 
a*  b  known,  and  b,  in  fact,  devoid  of  interest,  except  as  regards  its  effect  on 


,L.ooi; 


>glC 


310         OBOASIC  8UBBTANCE8  ACIiyO  AFTEB  ABSOSPTIOIf. 


paralyze  the  motor  nerve  fibres  also;  no  explanation  has  been  given  for 
this  difference  in  the  reaction  of  the  two  Bets  of  fibres. 

When  cocaine  is  applied  locally  to  a  mucouB  membrane  it  produces, 
besides  a  loss  of  sensation,  a  feeling  of  cmatriction  and  a  distinct 
TmlJoE-ftBil  fnr\t.riit>t.\fm  nf  thp  Tftsapls^  whip.h  point  to  a  local  action  on 
tEevessel  walGT 

The  foiEestbeaia  produced  by  cocaine  is  comparatively  ahprt^but 
vgriea  with  the  strength  of  the  solution  applied  and  with  tSevascu- 
larity  of  the  part ;  as  soon  afl  ttfl  eocalB6'  is  absorbed,  the  local  action 
■disappears  and  sensation  returiifl.      —       """^  


Diasrftm  of  the  Innerratlon  of  Uie  Iris.  P,  a  fibre  of  the  motoc  ocall  pualDX  from 
the  brain  to  the  dllar;  kuikIIoii  ".  In  which  It  tennlnates  aronnd  a  nerre  cell,  wblcb 
■enda  an  ail«  cylinder  to  termliiate,  K,  In  the  drcnlai  fibres  of  the  Iris.  R,  a  spinal  nerre 
Bbce  iBguIng  from  tbe  tower  cerrlcal  cord,  Tunnlnx  throDgb  tbe  stellate  and  Interlac  cervl' 
cfll  gsuglla  and  terminating  aroond  a  oaDglios  cell  In  tue  saperlor  eerrlcal  ganglion,  a. 
The  axis  erllnder  from  this  Derre  cell  runs  to  tbe  Irla  (paaaing  the  clllal?  ganglion) 
and  terminates  la  flbrllB  <7,  on  tbe  radiating  fibres.    O  latupolnt  which  coesiM  stlmn- 

Tight,  the  clrcurar  muade  overcomes  the  weaker  radiating  fibre*,  and  the  pupil  Is  cMt- 
tracted.  In  the  same  way  strong  stlmnlatlon  of  if  b;  mntcarlne  orercomea  tbe  aUma- 
latlon  of  a  by  cocaine,  wbile,  on  tbe  other  hand,  when  It  tB  paralTied  br  atropine  and 
.. i. ......  .1. .  ...  .-,.„    .K.  „^,.H ,_  —  onopposed. 


radiating  moades  a 
1  eye. 


'  by  cocaine,  woiie.  o_ _, 

,  . F  fibres  are  thus  thrown  ont  of  action,  >_. 

*  and  cocaine  causes  a  greater  dilatation  than  In  the 

Cocaine  is  applied  to  the  &[6  more  frequently  than  to  any  other 
part.  It  produces  WnT  «nfp.at!hX}i«  hgyp.  along  with  contraction  of  the 
conjunctival  vessels,  and  this  is  followed  by  dilatation  ot  tlie  pupil  and 
often  by  partial  loss  of  the  power  of  accommodation.  The  dilAiati^ 
of  the  pupiTis  much  Igas  than  that  produced  by  atropine,  and  differs 
from  it  in  several  reapecta.     THllBJ'tfl^  light-reHex  is  preaerynd^  the 
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pupil  contracting  jti  hrifyht.  light.  atiH  rljlatiiiff  further  in  the  i^arTt;  a 
number  of  drugs  which  have  little  or  no  effect  after  atropine,  contract 
the  cocainized  pupil  (pilocarpine,  muscarine,  pbysostigmine),  while 
atropine  dilates  it  still  further,  and  cocaine  produces  some  dilatation 
after  the  full  atropine  action  has  been  elicited.  It  is  evident,  then, 
that  the  two  drugs  produce  dilatation  by  acting  on  different  mechau- 
isms,  and  although  the  way  in  which  cocaine  dilates  the  pupil  has  been 
a  matter  of  dispute,  the  great  majority  of  investigators  now  hold  that 
it  stimulates  the  terminat'"Tia  ^f  t>ip  flilntiii-  flhrga  (Fig.  39.)  The 
motor  ocuii  is  not  involved  in  its  effects,  unless  very  large  quantities 
are  applied,  when  its  terminations  may  be  depressed  in  the  same  way 
as  by  atropine  (Sehultz).  A  strong  argument  in  favor  of  the  view 
given  above  has  been  fouud  in  the  observation  that  when  the  dilator 
nerves  degenerate,  owing  to  removal  of  the  superior  cervical  ganglion, 
w^flinp  -failH  t»  (;pi](]p  (lilatAtinti  nf  fke  pupil.  ~~ 

Several  other  symptoms  are  produced  by  the  local  application  of 
cocaine  to  the  eye,  at  any  rate  in  some  instances.  Thus,  the  iris  ves- 
sels are  sometimes  much  constricted,  the  eye  is  more  widely  open  than 
usual,  so  that  the  white  sclerotic  is  seen  above  and  below  the  iris,  the 
whole  eyeball  is  pushed  forward  (exophthalmos),  and  the  intraociilar 
tension  is  said  to  be  considerably  reduced.  All  of  these  features  are 
produced  only  after  cocaine  has  been  applied  in  considerable  quantity 
and  for  some  time,  and  may  be  due,  at  any  rate  in  part,  to  its  absorp- 
tion. They  may  all  be  observed  in  the  unpoisoned  animal  when  the 
cervical  sympathftic  trunk  is  stimulated,  and  therefore  seem  to  indi- 
cate a  special  action  of  cocaine  on  the  centres  or  terminations  of  this 
nerve.  All  of  these  symptoms,  except  the  auie&thesia  and  the  pallor 
of  the  conjunctiva  and  iris,  are  produced  by  the  injection  of  cocaine 
as  well  as  by  its  local  application,  but  in  this  case  are  prevented  by 
previous  section  of  the  cervical  sympathetic.  Cocaine  does  not  pro- 
duce any  dilatation  of  the  pupil  in  birds. 

Cocaine  brought  into  immediate  contact  with  nerve  terminations 
paralyzes  them,  but  thia  is  true  for  so  many  other  forms  of  living 
matter  that  it  may  be  regarded  as  a  Oensial  Protoplasm  Poison.  Thus 
muscles,  nerves  and  nerve  ends  cease  to  contract  or  to  conduct  stimuli 
when  they  are  exposed  to  even  very  dilute  solutions  of  cocaine ;  the 
ciliated  epithelial  cells,  leucocytes  and  spermatozoa  become  motion- 
less; the  cortical  nerve  cells  lose  their  excitability,  and  many  of  the 
invertebrates  are  killed  by  even  a  abort  exposure  to  cocaine.  The 
movements  of  protoplasm  in  plants  are  also  retarded  or  entirely  sup- 
pressed by  this  poison,  and  the  process  of  putrefaction  is  delayed  con- 
siderably. In  some  cases,  notably  in  the  higher  invertebrates,  the 
final  depression  is  preceded  by  a  stage  of  increased  movement,  and 
it  is  said  that  the  irritability  of  nerve  is  also  augmented  at  first. 
In  other  instances,  however,  cocaine  induces  only  depression  and 
paralysis. 

Other  examples  of  this  destructive  action  are  also  seen  in  the  thera- 
peutic use  of  cocaine,  for  the  cornea  is  oft«n  rendered  somewhat 
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cloudy  from  its  application,  and  it«  BubcntaneouH  injection  is  some- 
times  followed  by  necroeis.  VictioiB  of  the  cocaine  habit  often  show 
numerous  scare  on  the  arms  and  legs  from  this  local  gangrene,  although 
this  is  probably  often  due  to  unsterilized  syringes  rather  than  to  the 
solution. 

Moat  of  the  other  natural  alkaloids  resemble  cocaine  in  many  points  of 
their  action,  as  far  as  they  have  beea  investigated,  but  some  of  the  artificial 
compoonds  present  divergences  from  the  general  type.  Thus  a  number  of 
them  do  not  produce  annetbesia,  and  some  of  them  depart  entirely  from  th« 
typical  cocaine  action. 

Coeamine  is  often  said  to  be  a  cardiac  poison,  bnt  its  action  on  the  heart 
seems  to  resemble  in  general  that  of  cocaine.  It  has,  however,  a  much  more 
intense  action  on  muscular  tissue,  which  it,  like  caffeine,  throws  into  rigor 
mortis.  Its  ansathetic  power  is  very  small.  Some  authorities  r^;ard  the 
muscular  action  of  caffeine  as  an  important  factor  in  its  preventing  fatigue, 
and  the  presence  of  cocamine  in  the  coca  leaves  might  be  used  to  explain  the 
similar  effects  induced  by  these,  but  the  quantity  ia  probably  too  small  to  have 
any  noticeable  action, 

Befuoylecgonine  is  a  comparatively  weak  body,  which  produces  symptoms 
resembling  caffeine— increased  reflex  excitability,  muscular  stiffness  and  rigor 
— and  eegcmine  is  still  less  active,  but  elicits  in  frogs  similar  effecta. 

Prbparati  o  hb. 
Ooca  (IT.  S.  P.),  the  dried  leaves  of  Erytbrozylon  coca,  containing  at  least 
one-half  per  cent,  of  alkaloids.    Dose,  2  Q.  (30  grs.). 

CooAixA  (TT.  8.  P.,  B.  P.),  an  alkaloid  (C,3„N0J  obtained  from  the  leaves 
of  Erythrozylon  coca  and  its  varieties,  tonning  colorless  crystals  with  a  bitter 
taste  followed  by  numbness;  insoloble  in  water.  "Inhln  '"  -'"*■"' 

GagAnTj  HYDHOCHKngDPM  (U.  K  P.,  B.  P.)  (0.^„N0.HC1),  colorless 
crrrtaEr^fi^  muM6  tai  TwBff  fd  uli-nhol:  watery  solutions  ...-.» 

J-  -  I/a.  ^as  tfie  alkaloitlTliailn  F  'JS™"]™".  llj)V0.03"5.  [f^  gt.}. 


crystals,  VUy  BbluMB  \a  w»t<ir  f.nA  Mtcn^fll:  watery  solutions  cannot  be  boile^ 
J-  -  I/O.  ^as  tfie  alkaloitlTliailn  F  'JS™"]™".  llj)V0.03"5.  [j-i  gt.}. 
*»     /"X  LameJla  Coeaina  (B.  P.),  eaoh  contains  gV  8^-  ^^  ^^  hydrochloride. 

^"W  Injectio  Cocainte  Hifpodiirmiea  (B.  P.),  10  per  cent.,  2-6  mins, 

A  Unguentvm  Coeaina  (H.  y.),  4  per  cent. 

OUatuM  Coeaina  (U.  S.  P.),  5  per  cent. 

Trockitci  Kratneria  et  Coemnte  (B.  P.),  each  contains  ^  gr.  of  the  hydro- 
chloride. 

The  Therapeutic  Uses  of  cocaine  are  almost  all  dependent  on  its 
aneesthediic  action.  It  baa  been  suggested  as  a  brain  stimulant  in 
various  conditions  of  mental  depression,  but  has  not  been  widely  used 
for  this  purpose,  which  ia  better  aerved  by  the  less  dangerous  caffeine. 
A  wine  containing  coca  extract  is  often  uaed  in  domestic  medicine  as 
a  "  general  tonic,"  and  has  repeatedly  given  rise  to  the  cocaine  habit. 

Its  ansesthetic  properties  render  it  extremely  important.  In  oph- 
thalmic surgery  it  is  used  very  largely  both  during  operations  and  to 
alleviate  pain,  and  occasionally  to  constrict  the  vesselB  of  the  iris  in 
inflammatory  conditions.  For  complete  aneestbesia  a  4  per  cent,  solu- 
tion may  be  employed,  while  to  allay  pain  one  of  1-2  per  cent,  is  all 
that  is  necessary.  The  ansesthesia  is  of  short  duration,  generally 
setting  in  after  5-7  minutes  and  passing  off  20-30  minutes  after  the 
application  of  the  drug.  Occasionally  cocaine,  especially  in  strong 
solution,  produces  a  c^tain  amount  of  opacity  of  the  cornea,  and  it  is 


,L.OOi; 


>glC 


WX.  313        '* 


^4l,au^l( 


stated  that  wounde  heal  less  readily,  and  irritant  antiseptics  are  more 
dangerous  with  cocaine  than  without  it.  This  may  sometimes  be  due 
to  the  use  of  impure  cocaine,  but  it  may  be  noted  that  cocaine  is  a 
protoplasm  poison,  and  may  therefore  lessen  the  resistance  of  the  tis- 
Bues  with  which  it  comes  in  contact.  The  usual  explanation  given 
that  cocaine  paralyzes  sensation  in  the  cornea,  and  thus  prevents  the 
reflex  winHng  which  removes  foreign  bodies  from  the  surface  and 
keeps  the  eye  moist,  is  obviously  insufGcient,  as  the  anaesthesia  is  of 
but  short  duration.  The  dilatation  of  the  pupil  produced  by  cocaine 
is  much  less  complete  than  that  under  atropine,  and  can  only  be  taken 
advantage  of  in  diagnosis  by  using  very  dim  light,  aa  the  pupil  con- 
tracts  in  bright  light  almost  to  its  normal  size.  On  the  other  hand 
cocaine  is  much  less  injurious  in  glaucoma  and  the  dilatation  can  be 
removed  at  once  by  the  instillation  of  a  few  drops  of  physostigmine. 

In  the  nose,  throat  and  larynx,  cocaine  is  used  in  a  solution  of  4 
per  cent.,  sometimes  10—20  per  cent.,  and  aneestheaia  is  obtained  with 
greater  difficulty  than  in  the  eye,  but  the  local  contraction  of  the  ves- 
sels is  often  of  great  service.  Cocaine  is  used  largely  in  operative 
procedure  here  and  also  in  the  treatment  of  irritable  conditions  of  the 
respiratory  passages,  such  as  hay  fever.  In  the  urethra,  rectum  and 
vagina,  cocaine  may  also  be  used  either  as  an  annsthetic  or  to  relieve 
pain  temporarily.  It  is  sometimes  of  service  in  painful  or  itching 
skin  diseases,  but  care  must  be  taken  not  to  apply  it  to  large  broken 
surfaces,  otherwise  symptoms  of  poisoning  may  follow.  The  local 
action  on  the  stomach  is  often  valuable  in  checking  vomiting  due  to 
gastric  irritation. 

For  many  years  after  its  introduction  as  a  local  anaesthetic  in  1884, 
its  use  was  practically  limited  to  minor  operations  in  the  nose  and 
throat  and  to  ophthalmic  surgery,  few  general  surgeons  venturing  on 
its  application  in  other  fields.  Within  the  last  few  years,  however, 
its  use  has  undergone  a  wide  extension,  so  that  almost  all  the  major 
surgical  operations  have  been  performed  iinder  it,  and  local  anass- 
tbeeia  by  means  of  cocaine  ftr  iur-flinf  has  now  become  a  rival  of  ether 
and  chloroform.  Occasionally  partial  local  aniesthesia  is  combined 
with  the  administration  of  small  quantities  of  chloroform  or  ether, 
which  are  insufficient  to  produce  complete  unconsciousness,  but  cause 
a  numbing  of  the  sensation,  which,  together  with  the  local  action, 
permits  of  a  painless  operation.  At  first  strong  solutions  were  in- 
jected  to  prepare  the  way  for  the  knife,  each  step  forward  in  the 
operation  being  preceded  by  an  injection  of  cocaine  to  induce  anies- 
theeia  of  the  layer  of  tissue  to  be  incised.  But  this  method,  which 
has  been  used  chiefly  by  Beclus,  required  dangerous  quantities  of  the 
drug,  and  is  now  scarcdy  used  except  for  minor  operations  in  which 
a  single  injection  is  sufficient.  A  more  satisfactory  method  of  local 
antesthesia  for  operative  purposes  has  been  introduced  by  Schleich 
under  the  name  of  infiltration  aniEsthesia,  A  large  quantity,  some- 
times as  much  as  200  c.c.  of  a  solution  containing  0.01  per  cent.'  of 
'Soma  oporatora  dm  a  0.1  per  cent,  ■olntlon  uid  inject  leea. 
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the  tissues  through  a  fine  hypodermic  needle.  Only  very  slight  pres- 
sure is  required  and  the  whole  of  the  surrounding  structures  become 
swollen  and  cedemstous  and  can  he  out  into  without  pain.  Much  of 
the  fluid  escapes  through  the  incisiona  and  no  symptoms  of  poisoning, 
arise.  Schleicb  attributed  the  aiueethesia  partly  to  the  preeaure 
exerted  by  the  solution  and  partly  to  the  imbibition,  but  later  investi- 
gators have  found  it  to  be  dependent  on  the  cocaine  alone.^  Another 
method  (^regional  anastkesia)  is  the  injection  of  cocaine  into  the 
immediate  neighborhood  of  the  nerve  supplying  the  part  to  be  operated 
on.  Complete  local  aniesthesia  is  obtained,  and  shock  is  less  liable 
to  occur  &an  when  general  anfestheaia  is  induced  (Crile).  This 
method  has  been  used  extensively  in  operations  on  the  foot  and  hand, 
for  which  it  is  admirably  suited ;  it  is  difficult  to  adapt  it  to  other 
parts  of  the  body.  The  local  action  in  both  infiltration  and  regional 
ansatbesia  may  be  augmented  and  the  danger  of  general  poisoning 
lessened  by  retarding  the  circulation  in  the  part  to  be  operated  on. 
This  may  be  done  by  applying  an  Esmarch  bandage  above  it  when  a 
limb  is  involved,  or  by  the  application  of  cold  by  means  of  ethyl 
chloride ;  but  the  best  results  are  obtained  by  using  a  1  per  mille  solu- 
tion of  adrenaline  along  with  cocaine.  This  contracts  the  vessels  and 
arrests  the  circulation  locally,  and  the  cocaine  thus  remains  longer 
unabeorbed.  Braun  recommends  3  drops  of  1  per  millo  adrenaline 
solution  to  50  c.c.  of  cocaine  solution  for  infiltration. 

After  it  was  found  that  the  nerve  impulses  from  the  periphery  to 
the  central  nervous  system  could  bo  blocked  by  the  injection  of 
cocaine  into  the  peripheral  nerves,  the  next  step  was  to  obstruct  them 
higher  in  their  course  by  applying  it  to  the  spinal  roots  (subarachnoid 
aneeathesia).  The  first  to  attempt  this  was  Coming  of  New  York, 
but  the  development  of  the  procedure  is  due  to  Bier  and  Tuffier.  A 
long  hollow  needle  is  passed  into  the  epinal  canal  between  the  laminie 
of  the  lumbar  vertebne  and  1  c.c.  of  a  2  per  cent,  solution  of  cocaine 
hydrocblorate  is  injected  after  the  withdrawal  of  an  equivalent  amount 
of  cerebrospinal  fluid.  The  actual  amount  of  cocaine  injected  is  thus 
0.02  G.  {i  gr,).  Within  a  few  minutes  numbness  begins,  generally 
in  the  feet  at  first,  but  sometimes  in  the  lower  part  of  the  trunk ;  it 
spreads  upwards  rapidly  until  sensibility  to  pain  is  lost  everywhere 
below  the  diaphragm  and  sometimes  in  the  thorax ;  in  some  cases  even 
the  head  has  been  found  anesthetized.  The  sensations  induced  by 
warmth  and  cold  are  less  quickly  affected,  touch  is  preserved  to  some 
extent  and  the  limbs  can  be  moved  readily,  though  the  movements  are 
carried  out  more  slowly  than  usual;  the  consciousness  is  unimpaired. 
This  condition  lasts  from  half  an  hour  to  an  hour  and  then  sensation 
returns  gradually.  In  the  beginning  of  the  action  some  muscular 
twitching  is  often  seen,  and  the  muscles  are  never  relaxed  as  they  are 
under  chloroform  or  ether.     Vomiting  occurs  in  a  certain  proportion 

'Heinze  ihowed  that  the  moTpbine  contained  in  Sebleieb'a  origiiwl  flnid  waa 
■nperflaooa. 
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of  cases  either  during  or  after  the  operation,  and  persistent  headache 
is  often  present.  '  The  cocaine  is  believed  to  act  on  the  posterior  nerve 
roots  and  not  on  the  cord  itself.  The  cerebrospinal  fluid  has  been 
fonnd  to  contain  a  large  number  of  polynuclear  leucocytes  after  the 
injection  and  resumes  its  normal  limpid  character  only  after  several 
days.  This  method  of  ansestbeeia  has  been  used  in  a  large  number  of 
operations,  some  of  them  of  the  gravest  nature ;  it  has  also  been  sub- 
stituted for  general  ansesthesia  in  labor. 

Of  these  methods,  Schleich's  infiltration  has  been  most  widely 
adopted  and  is  admirably  suited  for  minor  operations.  Itisthesafest 
method  available  for  most  of  these,  for  the  amount  of  cocaine  injected 
ought  not  to  be  sufficient  to  induce  poisonous  symptoms,  and  ^onld 
never  exceed  20  mg.  {i  gr.)  and  much  of  this  escapes  by  the  incision. 
It  requires  some  experience  to  induce  complete  insensibility  to  pain 
by  this  method  and  the  operation  has  to  be  interrupted  at  intervals  to 
permit  of  further  injections.  Some  headache  ai^  nausea  are  occa- 
sional sequels;.  When  general  ameethesia  is  contraindicated,  infil- 
tration may  be  adopted  in  major  operations,  while  on  the  other  hand 
it  is  often  contraindicated  in  minor  operations  where  there  is  any 
possibility  of  complications,  or  where  the  anxiety  and  nervousness  of 
the  patient  are  likely  to  interfere  with  the  proceedings^  Subarach- 
noid or  intraspinal  cocainization  is  still  on  trial,  and  while  it  has 
been  enthusiastically  praised  by  some  of  its  sponsors,  it  has  in  general 
been  regarded  as  a  hazardous  method.  Numerous  fatalities  have 
reaulted  from  it,  and  headache  and  nausea  very  often  persist  for 
many  hours  after  the  operation.  It  seems  prolwble  that  it  will  in 
the  future  attract  less  attention  than  it  has  recently,  and  will  be 
regarded  as  a  last  resort  to  be  used  when  special  circumstances  centra- 
indicate  the  general  antesthetics  and  operation  is  imperative. 

Cocaine  Habit — Since  the  introduction  of  cocaine  into  general  thera- 
peutic use,  numerous  cases  of  the  formation  of  a  habit  similar  to  that 
of  opium  or  morphine,  have  been  recorded.  Some  of  these  have  been 
due  to  the  attempt  to  substitute  cocaine  for  morphine  in  the  treatment 
of  chronic  morphinism,  the  treatment  often  resulting  in  the  develop- 
ment of  an  irresistible  craving  Sot  both  alkaloids.  The  symptoms  of 
cocainism  generally  begin  with  digestive  disorders,  loss  of  appetite, 
salivation  and  emaciation,  but  the  more  important  changes  occur  in 
the  central  nervous  system,  which  apparently  undergoes  degeneration 
similar  to  that  seen  in  chronic  morphine  poisoning.  Sleeplessness, 
tremors  and  occasionally  convulsions,  hallucinations,  insanity  and 
delirium  have  been  noted  after  long  abuse,  along  with  indefinite  dis- 
turbances of  sensation  and  motion.  The  treatment  of  these  cases  is 
the  withdrawal  of  the  drug,  and  this  can  generally  be  done  without 
the  production  of  any  special  symptoms,  though  it  is  sometimes  fol- 
lowed by  great  depression.  This  treatment  is  much  facilitated  by 
sending  the  patient  to  a  special  resort,  and,  in  fact,  is  almost  hopeless 
without  his  isolation. 
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Acnto  Oocalns  Polaonbig  is  treated  pOTelj  symptomaticallj.     Anijl-^2^ 
nitrite  hae  been  advised  -when  the  blood-pressure  seems  much  elevateda/,^,tj,„jUZ- 
wfaile  for  the  convulsive  attacks  small  quantities  of  chloroform  or 
ether  may  be  necessary.     Of  course,  the  stomach  ought  to  be  evac- 
uated first  of  all  if  the  drug  has  been  taken  by  the  mouth. 

Substitntes  for  Oocaine. 

A  number  of  investigations  have  been  made  with  the  object  of 
discovering  some  substance  possessing  the  anesthetic  properties  of 
cocaine  without  its  toxicity  and  devoid  of  the  lopal  irrit""t.  oTirT 
destructive  "fjlJffTi  n"  *^"  tloonoo  oniTVMiTn^ijjji.  '^^hp.  np.rvpH.  Several 
aclditions  have  already  been  made  to  the  group,  but  none  of  them  are 
entirely  satisfactory,  and  it  may  be  doubted  whether  any  of  them  are 
capable  of  replacing  it  for  all  purposes.  And  in  the  modern  use  of 
cocaine,  accidents  occur  from  it  much  less  often  than  formerly.  The 
first  of  these  substitutes  is  Eacaina  Beta-«Tic«lno  or  (CigHjiNOa), 
which  is  derived  from  a  base  analogous  to  ecgonine,  and  is  less  poi- 
sonous than  cocaine.  In  animals  poisoned  with  large  doses  the  cen- 
tral  nervous  system  is  first  stimulated  and  tben  paralyzed ;  the  pulse 
is  slowed  from  direct  action  on  the  cardiac  muscle,  and  the  blood- 
pressure  falls.  As  a  local  anfesthetic  it  is  almost  as  efficient  as  cocaine, 
and  differs  from  it  in  not  constricting  the  vessels  or  dilating  the  pupil. 
The  intraocular  pressure  is  said  to  be  lessened,  but  this  is  not  yet  aatr 
isfactorily  determined.  A  1-2  per  cent,  solution  of  the  lactate  is 
used  in  the  eye,  2-6  per  cent,  for  other  mucous  surfaces  and  for  sub- 
cutaneotis  injection.  Eucaine  may  be  employed  in  1  per  cent,  solu- 
tion instead  of  cocaine  for  infiltration  ansstheeia,  and  ia  lose  poison- 
ous and  can  be  disinfected  by  boiling. 

Tropuoc^t,  a  compound  of  pseudotropine,  has  also  been  used  and 
is  less  poistmoos  than  oocaine,  but  also  acts  for  a  shorter  time. 

Btoraliw,  (CHa)aN— CHa— C0M30CsHb,  and  Alypfau,  (CH,)a- 

N— CHj— COM::OCaHB  ,  are  two  nearly  related  bases  recently 

XlHaNCCHg), 

introduced,  which  do  not  seem  to  offer  any  marked  advantages  over 
cocaine.  Stovaine  is  rather  less  poisonous,  it  is  true,  but  induces 
local  reaction,  and  alypine  is  practically  equal  to  cocaine  in  toxicity 
and  also  irritant  locally. 

NoTocaln*  (NHb— 0,114— COCsH^NCCjHOa,  the  most  recently 
introduced  of  the  aeries,  is  less  poisonous  than  any  of  the  others,  and 
applied  locally  acts  only  on  the  nerves  without  involving  the  other  tis- 
sues. Its  ansesthetic  action  is  less  powerful  and  less  lasting  than  that 
of  cocaine,  but  is  sufficient  for  most  purposes  when  the  absorption  ia 
delayed  by  the  addition  of  adrenaline. 


..L.OO' 


.glc 


The  OrthoforDU  are  local  azueatlietlcs,  which  m&y  he  mentioned  here, 
although  they  resemble  cocaine  only  in  their  action  on  the  sen- 
sory terminations.  They  are  methylesters  of  amidoozyhenzoic  acid 
(CflHjOHCNHa)  (COOCHj)),  differing  only  in  the  positions  of  the 
hydroxy!  and  amido  groups;  anastkesin,  the  ethylester  of  amido- 
henzoic  acid,  and  many  other  similar  esters  have  more  or  less  local 
aosesthetic  power.  Several  other  aromatic  derivatives  have  long  been 
known  to  have  some  numbing  or  antesthetic  properties,  but  have 
scarcely  been  used  in  therapeutics  for  this  purpose.  Even  carbolic 
acid  has  a  distinct  numbing  effect,  and  some  of  the  antipyretics  have 
been  proposed  for  use  in  ophthalmology.  Orthoform  is  a  white 
(aystalline  powder  which  has  no  taste  or  smell  and  is  only  very 
slightly  soluble  in  water.  It  is  used  as  a  dusting  powder  or  in  oint- 
ment (10  per  cent.),  and  is  applied  to  painful  surfaces,  such  as 
abrasions,  ulcers  or  burns,  either  on  the  skin  or  on  the  visible  mucous 
membranes  (for  instance, in  laryngeal  ulceration).  In  ulcer  or  cancer 
of  the  stomach,  it  has  also  been  taken  internally  (0.1  G.  in  powder  or 
tablets),  and  gives  relief  from  the  suffering.  It  is  somewhat  anti- 
septic and  seems  to  be  practically  devoid  of  poisonous  properties, 
except  that  slight  corrosion  is  sometimes  induced  around  the  point  of 
application.  It  has  little  or  no  effect  on  the  sensibility  of  the  unbroken 
skin,  and  its  insolubility  precludes  its  use  by  subcutaneous  injection. 
The  ansesthesia  begins  almost  as  soon  as  that  induced  by  ordinary 
cocaine  solutions,  but  lasts  very  much  longer,  because  orthoform  is 
dissolved  and  removed  from  the  surface  very  slowly;  thus  a  single 
application  of  tbe  powder  causes  amesthesia  for  many  hours,  or  even 
for  some  days.  On  the  other  hand,  orthoform  fails  to  penetrate  the 
mucous  membranes  as  cocaine  does,  and  therefore  only  anesthetizes 
when  it  comes  into  actual  contact  with  exposed  nerve  ends. 

Yohimbine. 

Yohimbine  is  an  alkaloid  (0.^^,0,)  obtained  from  the  bark  of  the 
Yohimbehe  tree  (Corynanthe  yobnnbi)  and  resembles  cocaine  in  some  of  its 
effects.  Thus,  It  has  the  same  anesthetic  action  on  eensor;  nerve  terminstioiis 
and  on  nerve  tronks  and  in  poisonous  doses  induces  somevhat  similar  symp- 
toms of  stimulation  of  the  central  nervous  systfim.  It  appears  to  increase  the 
activity  of  the  respiratory  centre  in  particular,  for  even  small  quantities 
accelerate  and  deepen  the  respiration.  The  heart  is  hardly  affected  except  in 
toxic  doses,  but  quantities  which  induce  no  other  symptoms  except  from  the 
respiration  dilate  the  vessels  of  the  skin  and  of  the  genital  organs  from  a 
direct  action  on  the  vessel  walls.  The  last  become  turgid  and  congested  from 
the  dilation  of  tbe  arterioles  and  erection  follows.  Miiller  states  that  the 
genital  reflexes  are  also  rendered  more  acute  and  that  all  the  Etymptoms  of 
sexual  excitement  are  observed  both  in  male  and  female  animals.  Yohimbine 
chloride  and  lactate  have  been  used  in  veterinary  medicine  and  also  in  man  to 
induce  erection  and  improve  sexual  power  in  cases  of  neurasthenic  impotenoy 
and  similar  conditions.     Dose  5  mgs.  (A  gr.)- 
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XV.    PILOOABPINE  AHD  UUSOAItlirB. 

Pilocarpine  and  muBcariiie,  two  alkaloids  of  very  different  chemical 
constitution,  possess  similar  properties  from  a  pharmacological  point 
of  view.  Pilocarpine  (CuHieNaOj)  is  found  along  with  laopiloear- 
pine  in  the  leaves  of  several  species  of  Pilocarpus.' 

Muscarine,  the  alkaloid  of  one  of  the  poisonoufl  miisfarffoma  '  Agari- 
CUB  muscarius,  or  Amanita  muBcana,  is  very  closely  related  chemically 
to  choline,  which  is  a  constituent  of  several  animal  tissues.  It  may 
probahly  be  represented  by  the  formula 

CH— (OH), 

CH,— N{CH,),OH 

A  substance  almost  identical  with  muscarine  from  the  chemical  stand- 
point has  been  prepared  by  the  oxidation  of  choline,  but  this  synthetic 
muscarine  differs  in  its  action  from  the  natural  alkaloid  in  several 
respects.  A  number  of  other  nearly  related  bodies  (trimethylammo- 
nium  bases)  resemble  muscarine  in  some  points  of  their  action,  but 
are  not  so  poisonous,  and  fail  to  act  on  several  of  the  or^ns  affected 
by  the  base  derived  from  the  mushroom. 

'  The  Mraetural  formula  of  pilocarpine  ia  cot  vet  dsflnitelj  determined.  Ptlo- 
earpidine  has  been  isolated  from  the  leaves  of  Piloearpna  Jaborandi  only  and  is 
practicalljr  inert.  Jaborine  was  formerlj  stated  to  occur  with  pilocaipine  and  to 
possess  an  action  resembling  that  of  atropine,  but  more  recent  investigators  have 
failed  to  conflnn  either  of  these  statements. 

'  Muscarine  is  accompanied  in  the  Amanita  by  another  poison  which  diSera 
from  it  in  inducing  BonTulsions  and  other  sTinptoma  of  central  nervous  stimolatlou ; 
the  symptomB  of  am&uita  poisoning  are  a  miztnre  of  those  eaosed  bj  these  two 
poisons  (Harmsen). 
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Muscarine,  pilocarpine  and  isopElocarpine  resemble  each  other  in 
action;  muscarine  is  mnch  more  poisonous  than  pilocarpine,  wbich  is 
again  eigbt  times  as  active  as  ieopilocarpine. 

Pilocarpine  and  muscarine  act  on  the  same  peripheral  organs  and 
apparently  on  the  same  receptive  substances  as  atropine,  but  they 
arouse  these  receptors  to  activity  while  atropine  depresses  them.  The 
receptors  may  lie  on  the  path  of  impulses  from  the  nerves  to  the  con- 
tractile or  secretory  substance,  and  the  effect  of  pilocarpine  and  mus- 
carine is  then  identical  with  that  of  nerve  stimnlation. 

Symptoiu. — Tbe  symptoms  of  poisoning  in  man  commence  with  a  \ 
very  marked  apcrptipn  pf  -■■n^'Of  followed  soon  after  by  ezceaais&4iep- 
spi ration  and  a  flow  of  tears.  After  muscarine  and  sometimes  after 
pilocarpine,  nausea,  retching  and  vomiting,  pain  in  the  abdomen  and 
violent  movement  of  the  intestines  causing  profuse  watery  evacuations, 
are  next  observed.  Tbe  pulse  is  sometimes  quickened,  sometimes  very 
slow  and  irregular;  tbe  pupil  is  contracted,  and  the  eight  is  accommo- 
dated for  near  objects.  Tbe  respiration  is  often  quick  and  dysputeic, 
and  rSles  may  be  heard  over  the  bronchi,  denoting  an  accnmulatiou  of 
mucas  in  them.  Giddiness  and  confusion  of  ideas  are  complained  of, 
and  after  pilocarpine  tremors  and  feeble  convulsive  movements  are 
sometimes  observed,  but  the  nervous  aymptoma  are  not  so  conspicuous 
as  those  from  the  peripheral  organs.  Eventually  tbe  respiration  be- 
comes slower  and  great  weakness  in  the  movements  manifests  itself, 
but  the  consciousness  remains  more  or  less  perfect  till  the  breathing  | 
ceases.  . 

Action. — The  salivary  and  lachrymal  Glands,  the  mucous  glands  of  I 
the  mouth,  throat,  nose  and  deeper  respiratory  passages,  the  gastric  I 
secretory  glands,  the  pancreas,  and  probably  the  intestinal  glands,  all  j 
secrete  copiously  after  muscarine  and  pilocarpine.  The  sweat  glands  / 
and  the  ceniminous  glands  of  the  ears  are  likewise  roused  to  unwonted  / 
activity,  and  many  other  glandular  structures  are  also  stimulated.^      * 

In  meet  cases  the  solids  of  the  secretions  are  increased  as  well  as 
the  fluids,  although  to  a  somewhat  less  extent.  Tbe  bile,  the  urine 
and  tbe  milk  do  not  seem  to  be  affected  directly  by  pilocarpine  and 
muscarine,  although  they  may  be  reduced  in  amount  or  otherwise 
modified  by  the  withdrawal  of  large  quantities  of  fluid  from  tbe  body 
by  other  channels. 

After  a  small  quantity  of  atropine,  pilocarpine  and  muscarine  in 
ordinary  quantities  produce  no  increase  in  any  of  the  secretions.  This 
indicates  that  the  seat  of  action  of  these  poisons  is  not  the  secretory 
cells,  for  it  has  been  shown  that  atropine  paralyzes  only  the  termina- 
tions of  the  secretory  nerves  and  leaves  the  cells  uninjured.  On  the 
other  hand,  section  of  the  secretory  nerves  does  not  alter  materially 
the  action  of  pilocarpine  or  muscarine,  for  the  secretion  of  perspira- 
tion in  tbe  foot  of  the  cat  is  increased  by  pilocarpine  even  after  section 
of  tbe  sciatic  nerve.     The  seat  of  action  of  pilocarpine  and  muscarine 
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is  therefore  the  terminations  of  the  secretoty  nerves — the  minute 
fibrils  which  r&mifj  between  the  epithelial  celle  and  perhaps  even 
enter  them.  These  fibrils  are  stimulated  by  the  members  of  this  group 
and  paralyzed  by  atropine,  and  these  two  series  therefore  form  anti- 
dotes to  one  another. 

The  salivary  secretion  may  amount  to  half  a  litre  or  more  in  the 
course  of  2-3  hours  after  an  injection  of  pilocarpine,  while  the  skin 
and  lungs  excrete  even  a  larger  quantity  of  fiuid  in  the  same  time. 
The  weight  is  thus  considerably  reduced  by  pilocarpine  owing  to  the 
loss  of  fluid,  which  may,  according  to  some  authors,  amount  to  2-4 
kil(^;rammes  (4^9  lbs.)  after  a  single  dose. 

The  secretion  of  the  milk  is  not  increased  by  pilocarpine,  but  the 
percentage  of  sugar  in  it  is  stated  to  be  larger  than  usual.  The  sugar 
of  tbe  blood  has  been  found  increased  by  pilocarpine,  and  this  has 
been  attributed  to  it«  acting  ou  the  terminations  of  the  nerves  in  the 
liver  which  regulate  the  glycogenic  functions  of  that  organ. 

The  increased  activity  of  the  glands  is  accompanied  by  an  accelera- 
tion of  the  blood  current  through  them,  but  this  is  a  result  of  their 
stimulation  from  any  cause  whatever,  and  is  probably  not  due  to  the 
direct  action  of  the  alkaloids  on  the  vessels.  The  redness  of  the  skin, 
especially  of  the  face,  so  often  observed  after  pilocarpine,  may  perhaps 
be  explained  in  this  way,  as  an  accompaniment  of  the  augmented 
activity  of  the  sweat  glands. 

Mnsclo. — Nausea  and  discomfort  in  the  stomach,  followed  by  retch- 
ing and  vomiting,  are  rarely  seen  after  pilocarpine,  but  form  some  of 
the  earliest  symptoms  of  muscarine  poisoning.  They  are  not  pro- 
duced by  the  saliva  swallowed,  as  was  formerly  supposed,  but  by  the 
action  of  the  alkaloids  on  tbe  stomach,  and  as  these  symptoms  are 
removed  by  atropine  in  small  quantities,  it  is  inferred  that  pilocar- 
pine and  muscarine  act  on  the  same  receptors  as  atropine,  but  in  the 
opposite  sense,  stimulating  instead  of  paralyzing  them.  These  recep- 
tors do  not  appear  to  lie  in  the  path  of  nerve  impulses  in  tbe  stomach, 
as  is  shown  by  the  gastric  muscle  still  responding  to  stimulation  of 
the  vagus  after  the  receptors  are  paralyzed  by  atropine. 

The  intestines  are  also  set  in  unusually  active  movement  by  a  sim- 
ilar process,  and  repeated  evacuation  of  their  contents  follows.  These 
are  at  first  of  firm  consistency,  but  later,  as  the  continued  peristalsis 
carries  down  the  contents  of  the  small  intestine,  which  have  not  lain 
long  enough  in  the  bowel  to  allow  of  the  absorption  of  their  fluid,  the 
fceces  contain  more  water  than  usual.  This  fluidity  of  the  stools  may 
also  be  due  in  part  to  an  augmentation  of  the  intestinal  secretion,  but 
this  has  not  been  satisfactorily  demonstrated.  Even  after  the  bowel 
has  been  completely  evacuated,  the  persistent  peristalsis  betrays  itself 
iu  painful  straining. 

The  muscle  of  a  number  of  other  organs  contracts  after  pilocarpine 
or  muscarine  from  stimulation  of  receptors  similar  to  those  in  the 
stomach  and  bowel.  Thns  the  spleen,  bladder  and  pregnant  uterus 
are  contracted,  and  in  the  case  of  the  bladder  repeated  evacuation  and 
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straining  may  occur.  In  some  animals  the  ntenis  is  inhibited  by 
pilocarpine  and  muscarine,  this  being  the  usual  action  in  the  non- 
pregnant cat. 

In  Bome  other  forms  of  muscle,  pilocarpine  and  muscarine  cause 
contraction  by  acting  on  receptors  which  lie  on  the  path  of  the  nerve 
impulses.  Thus  in  poisoning  mtli  these  and  also  on  local  applica- 
tion, the  pupil  becomes  extremely  narrowed,  and  at  the  same  time  the 
ciliary  muscle  contracts  so  that  the  lens  is  accommodated  for  short 
distances.  Both  of  these  phenomena  are  due  to  stimulation  of  the 
myoneural  junctions  in  the  intraocular  muscles  (Fig.  29,  p.  310),  for 
atropine  removes  the  contraction  and  at  the  same  time  interrupts  the 
passage  of  impulses  from  the  nerve  to  the  muscle.  This  does  not 
seem  to  be  due  to  action  on  the  anatomical  ends  of  the  nerves,  for 
pilocarpine  continues  to  act  after  these  have  degenerated.  The  point 
of  action  is  therefore  probably  a  receptor  interpolated  between  the 
actual  end  of  the  nerve  fibre  and  the  contractUe  substance  of  the 
muscle ;  that  the  contractile  substance  is  not  affected  is  shown  by  its 
continuing  to  contract  after  atropine  has  paralyzed  the  pilocarpine 
receptor. 

The  intraocular  pressure  is  reduced  by  muscarine  and  pilocarpine, 
although  they  may  increase  it  at  first.  This  is  due  to  the  iris  being 
drawn  up  by  its  contraction  and  thus  allowing  free  egress  to  the  intra- 
ocular fluids  (see  Atropine,  p.  282).  The  bronchial  muscles  are  coii- 
tracted  by  pilocarpine  and  muscarine,  which  here  also  appear  to  act  on 
myoneural  receptors  at  the  terminations  of  the  pneumogastric  nerves. 

All  these  muscular  phenomena  are  prevented  by  the  previous  ad- 
ministration of  atropine.     This  antagonistic  action  has  been  carefully 
studied  in  the  eye,  where  it  is  found  that  after  pilocarpine  has  pro- 
duced contraction  of  the  pupil,  the  administration  of  very  small  quan- 
tities of  atropine  is  followed  by  dilatation.     Strong  pilocarpine  solution  I 
again  dropped  into  the  eye  will  again  reduce  the  size  of  the  pupil,  but  I 
the  quantity  required  is  vastly  more  than  in  the  normal  eye,  and  this  I 
second  contraction  may  again  be  removed  by  comparatively  small  I 
quantities  of  atropine.     In  the  bird's  pupil,  in  which  the  muscle  is  ' 
.  striated,  muscarine  and  pilocarpine  have  no  effect,  the  terminations 
of  the  nerves  being  evidently  different  from  those  in  mammals. 

The  action  of  pilocarpine  and  muscarine  on  the  CHrcalatlon  presents 
some  differences  in  different  species  of  animals.  On  the  application 
of  either  to  the  frog's  heart,  its  rhythm  is  at  once  slowed,  the  diastolic 
pause  being  much  increased  in  length  and  the  contractions  lessened  in 
force.  Soon  the  heart  ceases  to  beat  entirely,  although  irritation  of 
its  muscle  by  mechanical  or  chemical  means  elicits  one  or  more  con- 
tractions. A  number  of  drugs  which  stimulate  the  heart  muscle,  such 
as  physostigmine  or  digitalin,  induce  weak  rhythmical  contractions, 
but  atropine  in  the  minutest  quantities  restores  the  heart  to  its  normal 
rhythm  and  strength.  The  symptoms  produced  are  exactly  those  seen 
on  stimulation  of  the  vagus  by  electrical  shocks,  and  muscarine  has 
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long  been  believed  to  act  by  stimulation  of  the  inhibitor;  mechanism 
in  the  heart.  Muscarine  acts  on  the  apex  of  the  frc^s  TCntricIe,  in 
which  no  ganglia  whatever  have  been  found,  and  must,  therefore, 
stimulate  the  terminations  of  the  vagus  fibres.'  Atropine  removea 
this  Btandstill  by  paralyzing  the  terminations,  but  larger  quantities  of 
muscarine  or  pilocarpine  will  again  overcome  the  atropine  action  and 
restore  the  standstill  or,  at  any  rate,  the  slow  pulse.  Digitalis  and 
its  allies  remove  the  standstill  by  increasing  the  irritability  of  the 
muscle  until  the  inhibition  can  no  longer  hold  the  heart  in  check,  but 
throughout  the  rhythm  caused  by  these  the  activity  of  the  vagus  can 
be  seen  in  the  slowness  of  the  beat  and  the  prolongation  of  the  diastole, 
The  vBgas  ends  are  eventually  paralyzed  by  pilocarpine  and  the  heart 
resumes  its  normal  rate.  Larger  quantities,  however,  again  slow  it 
owing  to  direct  action  on  the  cardiac  muscle. 

In  rabbits  and  cats  similar  changes  are  seen  in  the  circulation  after 
iDuscarine.  The  heart  is  slowed  or  brought  to  a  complete  standstill, 
the  blood  pressure  falls,  and  all  the  symptoms  produced  by  ansemia 
of  the  brain  may  follow,  but  the  animal  becomes  again  perfectly  nor- 
mal on  the  administration  of  small  quantities  of  atropine.  Pilocar- 
pine differs  from  muscarine  here  in  several  particulars,  for  it  soon 
depresses  the  inhibitory  fibres  and  the  heart  regains  its  former 
rhythm,  but  the  cardiac  muscle  is  then  affected,  so  that  the  contrac- 
tions rapidly  become  weaker  and  slower  again,  and  this  secondary 
slowing  is  not  removed  by  atropine ;  the  vasomotor  centre  also  becomes 
gradually  weakened  by  large  doses,  so  that  the  blood  vessels  remain 
somewhat  dilated,  and  the  arterial  tension  remains  low  even  after 
atropine. 

In  dogs  the  stimulation  of  the  inhibitory  fibres  seems  sometimes  to 
be  entirely  absent  after  pilocarpine  and  muscarine,  and  in  man  this  is 
very  frequently  the  case.  Instead  of  a  slow  pulse  and  lessened  ten- 
sion of  the  arteries,  acceleration  and  increased  blood-pressure  are  then 
observed.  This  is  accompanied  in  man  by  marked  palpitation  and 
discomfort  in  the  region  of  the  heart  and  by  dilatation  of  the  skin 
vessels,  especially  of  those  of  the  face.  In  other  cases,  however,  the 
same  circulatory  disturbances  are  produced  as  in  the  cat  and  rabbit 
(Fig.  30).  No  explanation  of  the  acceleration  of  the  heart  has  been 
offered,  but  Howell  has  found  acceleration  constantly  produced  by 
muscarine  in  the  crab's  heart. 

In  embryo  hearts  muscarine,  in  ordinary  quantities,  produces  no 
change  whatever  during  the  first  150  hours  of  life  (in  the  chick). 

1  ThU  view  has  been  contested  hj  rnacj  snthoritiei,  who  consider  that  mos- 
carine  and  atropine  act  on  the  heart  nnucle  direeUj  and  not  through  the  vagus. 
The  latost  writer  on  the  anbjeet  u  Stranb  who  has  showD  that  maBcarine  acts  in 
the  course  of  penneating  Into  the  cells,  arid  that  whan  it  has  once  reached  the 
interior  it  ceases  to  affect  the  contractions.  He  eonsidera  that  atropine  aotago- 
niges  mnscariiie  bf  altering  the  penseabilit^  of  the  cell  b;  the  latter  and  ia 
inclined  to  regard  the  effects  of  both  alkaloids  aa  the  result  of  direct  action  on 
the  moscle  eeU.  It  is  probable  that  the  receptors  for  each  are  not  the  anatomical 
nerre  ends,  bnt  some  sabBtanee  in  the  cell  which  forms  a  link  between  the  nerves 
and  the  contractile  substance. 
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T]ie  explanation  of  this  phenomenon  is  that  the  inhibitory  nerves 
hare  not  been  developed  at  this  stage,  and  after  their  development  is 
complete,  muscarine  acts  on  the  heart  as  in  the  adult.  The  absence 
of  slowing  in  some  of  the  invertebrates  may  be  due  to  a  similar  cause, 


tiGKui  to  set.     The  moTementa  of  tte  ■, ._ 

lo  diastole.    The  eontracMan  li  !«•«  complete,  while  the  heart  relaie*  n ^  ^~.. 

dnrlnE  dlaitole.     The  auricle  boob   cornea   to  a  standatltl   In   dlSBtnle.     Comiisre   the 
elltct*  ol  stlmDlatloll  of  the  vacns  In  the  Snt  [>art  Ot  Fig.  28,  page  S91. 

although  this  dofs  not  hold  good  for  the  crab,  in  which  there  ia  a  well- 
defined  inhibitory  apparatus. 

The  BeBpIratoiy  centre  is  not  acted  on  directly  by  small  quantities 
of  pilocarpine  and  muscarine.  But  the  changes  in  the  circulation 
lessen  the  amount  of  blood  passing  through  the  lungs,  and  the  contrac- 
tion of  the  bronchial  muscle  may  seriously  retard  the  movement  of 
the  air  and  thus  impair  the  aeration  of  the  blood.  The  cedema  of  the 
lungs  which  is  often  observed  in  cats  and  rabbits  poisoned  with  the 
members  of  this  series,  and  which  has  also  occurred  in  fatal  poisoning 
in  man  arises  from  the  slowing  of  the  circulation  through  the  lungs 
•from  the  cardiac  action.  Large  quantities  of  pilocarpine  cause  a 
tendency  to  convulsive  movements  and  a,  more  rapid  and  labored 
respiration.  Eventually  the  respiration  becomes  slow  and  weak  and 
asphyxia  follows. 

It  has  been  found  that  pilocarpine  increases  the  LencocTtes  of  the 
blood  from  its  acting  on  the  spleen  and  other  leucocyte-forming  tis- 
sues; it  is  possible  that  the  leucocytes  are  pressed  out  of  the  t^^b  » 
by  the  contractions  of  the  smooth  muscle.  Both  polymorphonuclear 
and  mononuclear  cells  are  increased  in  the  blood.  Buzicka  states 
that  the  Malpighian  corpuscles  of  the  spleen  are  increased  in  number 
aft«r  pilocarpine. 
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The  Tompentnn  n  said  to  be  increased  oj  pilocarpme,  altliongb 
onl^  to  a  very  small  extent,  and  the  carbonic  acid  excretion  is  increased 
through  the  drug  increasing  the  activity  of  the  glands  and  other  organs. 
After  the  perspiration  is  fully  developed  the  internal  temperature  is 
generally  reduced,  especially  in  fever. 

Some  symptoms  occur  in  cases  of  poisoning  which  point  to  some 
action  of  the  alkaloids  on  the  Central  Nerroiu  Syatam.  ThuB  frogs 
develop  well-marked  convulsions,  and  even  in  the  higher  animals  and 
man  tremor  and  slight  convulsive  movements,  such  as  hiccough,  have 
been  observed.  In  the  later  stages  muscular  weakness  is  developed, 
and  the  slow  respiration  and  the  fall  in  blood-pressure  also  indicate  a 
central  action,  which  seems  to  be  confined  to  the  lower  parts  of  the 
nervous  system,  however,  for  consciousness  remains  little  altered. 
These  symptoms  may  be  complicated  by  marked  convulsions  which 
appear  to  be  due  to  the  anemia  of  the  brain  and  do  not  denote  any 
direct  action  on  that  organ. 

Pilocarpine  and  muscarine,  while  resembling  each  other  in  general, 
present  some  points  of  difference,  which  are  of  the  greatest  importance 
as  regards  their  use  in  therapeutics.  Muscarine  has  practically  never 
been  introduced  into  medical  practice,  because,  while  its  action  on  the 
secretions  is  quite  equal  to  that  of  pilocarpine,  the  gastric  symptoms 
are  produced  much  more  readily  by  it.  It  is  also  a  very  much  more 
powerful  poison  than  pilocarpine,  and  is  much  less  easily  prepared  in 
pure  form. 

Pbepabations. 
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(Muscarine  is  not  nsed  in  therapeutics.) 

niTJ!  Hydboohlorpiom  (P.  S.  P.)    (C„H,jN,O^Cl),  the  hydro- 

^enionue  iiil  U  Ukaloia  oDtaiHM  Irom  the  leaves  of  Pilocarpus  Jaborandi  or 

microphallus,  forma  small,  white  crystals,  odorless,  with  a  slight  bitter  taste, 

deliquescent  in  the  air,  very  soluble  in  water  and  alcohol.    0.003-0.03  G. 

PtLOCAKPis-*!  Tfirpja  (U.  S.  P.,  B.  P.)  (C,^,XO.HNO,),  the  nitrate  of 
an  alitStUlll  bblaine<l  from  Jaborandi  leaves,  forms  a  white  crystalline  powder, 
which  is  soluble  in  8-9  parts  of  cold  water,  and  is  freely  soluble  in  hot  alcohol. 
A-igr. 

Therapeutic  Uses  of  FUocarpine. — Its  action  on  the  sweat  glands 
renders  pilocarpine  much  the  most  powerful  diaphoretic  in  the  phar- 
macDpceia,  and  it  is  used  internally  almost  exclusively  for  this  purpose. 
In  various  conditions  in  which  excess  of  fluid  accumulates  in  the  body, 
pilocarpine  may  be  exhibited  to  remove  it.  In  dropsy,  especially  that 
due  to  renal  disease,  a  few  injections  frequently  reduce  the  fluid  and 
remove  the  effects  of  the  accumulation,  although  they  do  not,  of  course, 
affect  the  diseased  tissues  directly.  By  unburthening  the  hlood  and 
tissues  of  their  excessive  fluid,  however,  pilocarpine  may  improve  the 
nutrition  of  the  kidney,  and  thereby  promote  its  recovery.  In  dropsy 
due  to  heart  disease  pilocarpine  must  he  used  with  caution,  owing  to 
its  exercising  a  depressant  action  on  the  circulation,  perhaps  on  the 
heart  itself.  In  some  other  pathological  exudations  pilocarpine  haa 
also  been  advised,  as  in  pleural,  pericardial  and  subretinal  effusion. 
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It  must  be  remembered  that  after  the  diaphoresis  produced  by  pilo- 
carpine there  uaually  sets  in  a  period  of  depression,  weakness  and 
languor,  and  this  may  be  sufScient  to  counteract  the  improvement 
obtained  by  the  removal  of  the  fluid.  It  is  still  a  disputed  point 
whether  pilocarpine  possesses  any  advantage  as  a  diaphoretic  over  the 
other  means  of  producing  sweating,  such  as  hot  or  cold  packs.  Its 
advocates  point  to  the  fact  that  much  less  disturbance  of  the  patient 
is  required,  and  that  the  subsequent  depression  ia  not  greater,  while 
its  opponents  assert  that  the  hot  or  cold  pack  produces  less  depression 
and  is  not  accompanied  by  the  unpleasant  salivation  and  occasional 
nausea  of  pilocarpine.  Accumulations  of  fluid  in  the  body  may  also 
be  removed  by  way  of  the  bowel  by  the  use  of  a  hydragogue  cathartic 
or  preferably  a  saline  purgative,  or  the  kidney  may  be  stimulated  to 
special  activity  by  the  use  of  such  diuretics  as  theobromine  and  caf- 
feine. The  last  method  of  treatment  is  that  generally  preferred  as 
it  induces  less  weakness  and  depression  subsequently  than  either  of 
the  others. 

In  unemia  pilocarpine  sometimes  proves  of  greatbenefit  If  exhibited 
early,  and  it  has  been  supposed  that  this  was  due  to  the  skin  taking 
up  die  renal  function  vicariously  and  eliminating  the  poison.  Some 
support  has  been  given  this  explanation  by  the  discovery  of  traces  of 
urea  in  the  perspiration  after  pilocarpine,  but  it  is  now  recognized  that 
the  urea  is  not  the  poisonous  principle  in  unemia,  and  the  beneficial 
effects  are  probably  due  rather  to  the  removal  of  fluid  and  the  relief 
of  the  overstrained  circulation.  It  has  also  been  suggested  that  pilo- 
carpine acts  directly  on  the  kidney,  and  an  increase  in  the  urine  is  not 
infrequently  seen  after  several  injections;  but  this  is  to  be  ascribed 
rather  to  the  changes  in  the  circulation  following  the  removal  of  the 
fluid  than  to  any  direct  action  on  the  renal  epithelium,  for  which  there 
does  not  exist  any  satisfactory  experimental  evidence. 

Pilocarpine  has  been  used  in  a  number  of  fevers  and  in  diphtheria 
and  syphilis,  but  no  sufficient  evidence  of  improvement  in  those  con- 
ditions has  been  brought  forward. 

In  ophthalmic  surgery  pilocarpine  has  been  employed  as  a  substi- 
tute  for  physostigmine,  to  contract  the  pupil  and  reduce  the  intra- 
ocular pressure.  For  this  purpose  a  very  dilute  solution  of  the  salts 
(2  per  cent.)  may  be  used,  or  lamellse  of  gelatin  may  be  prescribed, 
each  containing  ^  mg.  (/4bo  gr.),  to  be  laid  on  the  conjunctiva.  The 
contraction  of  the  pupil  generally  attains  its  maximum  in  about  J-l 
hour,  and  passes  off  in  3-5  hours ;  it  is  generally  less  complete  and  of 
shorter  duration  than  that  seen  after  physostigmine.  Pilocarpine 
first  increases  and  then  lowers  the  intraocular  tension. 

In  various  diseases  of  the  ear,  pilocarpine  has  been  used  with  good 
sffects  in  some  cases,  but  it  is  quite  unknown  how  it  acts  here.  The 
conditions  in  which  it  is  of  service  are  various  forms  of  labyrinthine 
disease,  and  some  forms  of  effusion  into  the  tympanic  cavity. 

Pilocarpine  was  at  one  time  used  to  cause  contractions  of  the  uterus 
in  labor,  and  several  cases  of  abortion  have  been  ascribed  to  its  use. 
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Furtlier  experience  baa  led  to  the  conclusion^  Iiowever,  that  in  order 
to  elicit  this  ecbolic  action  quantities  are  necessary  which  produce 
undesirable  secondary  symptoms. 

Pilocarpine  is  frequently  prescribed  in  lotions  for  the  hair,  and  a 
renewed  growth  of  the  hair  has  been  frequently  seen  in  alopecia  treated 
in  this  way.  This  has  been  explained  by  its  action  on  the  glands  of 
the  skin,  increasing  the  moisture  of  the  scalp  and  improving  its  circu- 
lation and  nutrition,  but  Tappeiner  found  that  the  local  application 
of  pilocarpine  to  the  skin  produces  no  increase  in  the  secretion  of  the 
glands. 

In  cases  of  atropine  poisoning,  large  doses  of  pilocarpine  have  been 
ordered  with  alleged  good  results.  In  animal  experiments,  however, 
the  quantity  of  pilocarpine  necessary  to  antagonize  even  small  doeee 
of  atropine  has  been  found  to  be  so  large  that  there  is  little  reason  to 
hope  for  improvement  from  its  administration  in  poisoning  in  man, 
especially  as  the  action  of  atropine  on  the  central  nervous  system  is 
not  antagonized  by  pilocarpine.  In  poisoning  from  pilocarpine  or 
muscarine  small  quantities  of  atropine  are  the  antidote  recommended 
alike  by  pharmacolo^cal  experiment  and  by  clinical  experience. 

HoBcarine  Intoxication. — In  Siberia  the  Agaricus  muscarius  is  used 
to  form  an  intoxicating  beverage.  The  symptoms  produced  are  hilarity 
and  jollity,  and  the  victims  declare  themselves  to  be  more  capable 
of  fatiguing  exertions  than  they  would  be  vrithout  the  preparation. 
Eventually  giddiness  and  somnolence  are  produced,  and  after  large 
C|uantitie8  vomiting  and  convulsive  attacks  may  follow  and  eventually 
prove  fatal.  The  exhilarating  effects  are  probably  due  to  the  presence 
<if  a  poison  discovered  by  Harmsen  and  not  to  the  muscarine.  Thia 
jUew  poison  seems  to  play  a  role  at  least  as  important  as  that  of  musca- 
rine in  cases  of  amanita  poisoning;  it  is  not  antagonized  by  atropine, 
find  its  chemical  nature  is  unknown. 
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XVI.    PHrSOBTiaMIHS. 

Fbysostigmine  or  TlBRriTip^  iw  the  chief  alkaloid  of  the  Oalabar  bean, 
OP  CTWBrWBnfPEjsostigma  venenoeum),  which  grows  in  Westem 
Africa  and  was  employed  there  by  the  nativee  in  the  trials  by  ordeal 
for  witchcraft.  Either  physoetigmine  itself,  or  a  nearly  allied  alka- 
loid, occurs  also  in  the  Kali  or  Cali  nuta,  the  seeds  of  Mucuna  urens. 
The  constitution  of  physostigmine  (CibH^iNbOs)  is  Btill  unknown. 
Two  other  alkaloids  have  been  found  in  the  extract  of  the  Calabar 
bean  and  possibly  are  products  of  the  decomposition  of  physostigmine, 
which  is  a  very  unstable  body.  These  are  Calabarine,  which  resem- 
bles strychnine  in  its  effects,  and  Isophysostigmine,  which  acts  in  the 
same  way  as  physostigmine. 

Physostigmine  produces  a  number  of  symptoms  resembling  those  i 
of  muscarine  and  pilocarpine  poisoning ;  it  stimulates  the  same  organs,  I 
but  may  affect  another  set  of  receptors,  and  it  has  much  less  effect  on  I 
the  inhibitory  nerves. 

Bymptoma, — -The  symptoms  of  poisoning  vary  but  little  in  different 
animals;  in  the  dog  and  rabbit  the  first  results  of  a  large  dose  of 
physostigmine  are  weakness  in  the  voluntary  movements  and  a  curious 
tremor  and  muscular  twitching,  beginning  in  the  hind  legs,  but  soon 
extending  over  the  whole  body.  The  animal  falls  on  one  side  and  can 
not  raise  itself  again,  although  it  makes  efforts  to  do  so  when  touched. 
The  saliva  and  tears  are  increased,  the  bowel  is  often  evacuated  and 
in  the  dog  vomiting  is  common.  The  respiration  is  at  ffrst  rapid 
and  deep,  and  later  slow  and  dyspnceic,  the  heart  is  weak  and  slow, 
and  the  pupil  is  contracted  to  a  small  point.  These  symptoms  become 
more  marked  as  more  of  the  poison  reaches  the  blood,  until  the  respi- 
ration ceases.  In  cats  these  symptoms  of  depression  and  paralysis 
are  preceded  by  a  stage  of  increased  movement  and  evident  anxiety, 
but  the  later  symptoms  resemble  those  in  the  dog.  In  man  physoetig-t 
mine  elicits  practically  the  same  results  as  in  the  dog,  vomiting  and 
pain  in  the  stomach  region,  dyspncea,  giddiness  and  muscular  weak- 
ness, contraction  of  the  pupil,  salivation  and  perspiration.  The  heart 
is  slow,  muscular  twitching  may  be  present  and  complete  collapse  fol- 
lows. In  frogs  the  voluntary  movementB  disappear  soon  a^r  the 
injection  of  physostigmine,  the  respiration  ceases,  and  last  of  all  the 
reflexes  are  paralyzed. 

Action. — Many  of  these  symptoms  evidently  arise  from  depression 
of  the  Central  NsrTona  Byitam,  and  the  cause  of  death  is  the  failure  of 
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the  respiration  from  paralysis  of  the  medtillary  centre.     Some  donbt 
exists  as  to  what  parts  of  the  nervous  system  first  undergo  depression. 
Thus  according  to  Harnack  and  Witkowsky,  the  higher  centres  are 
weakened  earlier  than  the  lower  ones,  but  in  man  at  any  rate,  the 
consciousness  remains  unimpaired  after  grave  derangement  of  the 
respiration  has  manifested  itself  and  after  the  muscular  power  is  con- 
siderably depressed.     This  would  indicate  that  some  of  the  higher 
cerebral  areas  preserve  their  functions  after  others  have  been  weak- 
ened, and  several  authors  have  therefore  maintained  that  the  depres- 
sion commences  in  the  cord  and  medulla  oblongata,  and  only  spreads 
to  the  cerebrum  after  large  doses. 
L       Another  ansettled  question  is  vhether  the  stage  of  depression  is  preceded 
I  by  one  of  direct  stimnlation  of  the  nervous  centres.     Some  symptoms  on- 
!|  donbtedly  point  to  an  increase  in  their  irritability  j  for  example  the  increased 
respiratory  movements,  and  to  some  extent  the  changes  in  the  blood-presaare 
.   con  scarcely  be  explained  save  by  stimolatiou,  direct  or  indirect. 
*         Farther  evidence  of  the  stimulant  action  of  physostigmine  on  the  central 
I    nervous  system  has  been  offered  by  its  effects  in  epileptics,  in  whom  the 
number  and  intensity  of  the  seizures  are  increased  by  its  use.     Gnineo-pigs   ' 
rendered  epileptic  by  operative  procedures  are  also  said  to  be  more  frequently 
attacked  when  phyBostigmine  is  exhibited,  and  even  in  the  dog  epileptiform 
convulsions  occur  occasionally,  while  in  the  cat  a  stage  of  excitement  is  a 
regular  precursor  of  the  depression.     These  symptoms  have  been  explained 
by  some  writers  as  due  to  stimulation  of  the  central  nervous  system,  but,  on 
the  other  hand,  may  be  due  to  the  peripheral  effects  of  the  poison,  snch  as  the 
constriction  of  the  air  passages  by  contraction  of  the  brondiial  muscles.    The 
question  as  to  whether  any  general  stimnlation  of  the  central  nervous  system 
occurs  in  physostigmine  poisoning  must  be  left  open  for  tbe  present. 

The  muscular  twitching  seems  to  be  entirely  independent  of  the 
central  nervous  system,  for  it  is  not  prevented  by  division  of  the  motor 
nerves.  This  symptom  is  not  marked  in  frogs,  but  may  be  so  devel- 
oped in  mammals  as  to  simulate  convulsions,  and  is  due  to  stimnlation 
of  the  same  receptors  as  are  affected  by  curara,  as  is  shown  by  the 
fact  that  the  twitching  is  arrested  by  this  drug.  The  antagonism 
between  these  two  alkaloids  is  mutual,  for  the  paralysis  induced  by 
curara  may  be  removed  by  physostigmine  applied  in  somewhat  large 
doses,  and  animals  may  thus  recover  from  quantities  of  curara  which 
would  otherwise  prove  fatal. 

The  Besplration  is  at  first  somewhat  accelerated  and  then  becomes 
slow  and  weak.  The  preliminary  acceleration  was  explained  by 
£ezold  and  Qotz  as  due  to  stimulation  of  tbe  sensory  terminations  in 
the  lungs,  while  others  regard  it  as  evidence  of  central  stimulation. 
The  sufeequent  weakness  and  slowness  of  the  breathing  is  undoubtedly 
of  central  origin,  and  death  follows  from  the  failure  of  the  respiratory 
centre. 

The  changes  in  the  Oircnlatlon  require  further  investigation.  Small 
doses  slow  the  pulse  and  increase  the  blood-pressure,  while  larger  are 
followed  by  greater  slowing  of  the  heart  and  a  fall  in  the  blood- 
pressure.  The  slowness  of  the  pulse  is  due  to  the  poison  acting  on 
the  heart  directly  and  not  to  any  inhibitory  interference,  for  it  occurs 
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after  large  quantities  of  alropiEe,  According  to  several  observerB, 
the  irritability  of  the  terminations  of  the  inhibitory  fibres  in  the 
heart  is  increased,  so  that  Btimulation  of  the  vagus  ts  more  effective 
after  physoatigmine.  The  contractions  of  the  heart  do  not  seem  to 
be  altered  in  strength  in  mammals,  though  the  rhythm  is  slower. 

The  increased  blood-preesure  has  also  been  the  subject  of  some  dis- 
cussion. It  seems  independent,  in  part  at  least,  of  the  vasomotor 
centre,  for  it  is  not  prevented  by  section  of  the  spinal  cord  or  of  the 
splanchnic  nerves,  operations  which  prevent  impulses  from  the  centre 
reaching  the  vessels.  It  may  be  partly  due  to  the  powerful  contrac- 
tion of  the  intestines  expelling  the  blood  from  the  mesenteric  area,  or 
to  direct  action  on  the  muscular  coats  of  the  arterioles  causing  con- 
traction and  thus  narrowing  their  calibre,  or  perhaps  to  both  of  these, 
along  with  some  increase  in  the  activity  of  the  vasomotor  centre. 

The  frog's  heart  beats  more  slowly  after  physostigmine,  but  here 
the  individual  contractions  are  said  to  be  strengthened  and  prolonged, 
and  there  is  definite  evidence  of  stimulation  of  the  heart  muscle,  which 
is  not  seen  in  mammals.  If  the  vagus  be  stimulated  in  the  frog  after 
physostigmine,  it  produces  slowing  but  no  complete  standstill  of  the 
be&rt,  because  the  irritability  of  the  muscle  is  so  much  augmented  that 
the  inhibitory  apparatus  can  no  longer  entirely  control  it.  If  such 
a  poison  as  muscarine  produces  complete  standstill,  physostigmine 
removes  it,  not  by  inducing  depression  of  the  inhibitory  apparatus, 
but  by  increasing  the  irritability  of  the  muscle. 

The  falloniiig  experiment,  vhieh  is  mainly  a  repetition  of  one  devised  by 
Hamack,  may  eerre  to  show  tiie  relationship  between  the  effects  of  a  whole 
series  of  poisons,  iriiich  generally  present  some  difficulties  to  the  student. 
A  frog,  with  brain  au3  spinal  cord  destroyed,  is  stretched  on  a  board,  and 
its  heart  is  exposed  by  the  removal  of  a  triangiilar  piece  of  skin  and  division 
of  the  sternum.  The  poisons  are  then  applied  in  snccession  by  injecting 
them  into  the  lymph  sac,  and  the  vagus  may  be  exposed  and  placed  on 
electrodes. 

The  injection  of  nieotine  causes  slowing  of  the  heart  (Fig.  31,  N),  followed  / 
by  a  return  to  the  normal  rhythm,  after  which  vagus  stimulation  has  no  effect,  i 
while  stimnlation  of  the  sinus  still  slows  the  heart.     (Nicotine  first  stimn- 
lates  and  then  paralyzes  the  ganglia  on  the  course  of  the  inhibitory  fibres.)  > 
Muscarine  now  brings  the  heart  to  a  standstill  (Fig.  31,  M),  through  stimu-  i' 
lation  of  the  terminations  of  the  inhibitory  fibres  in  the  muscle.     Phyeottig- 
mine  restores  the  heart  to  feeble  rhythmic  contractions  (Fig.  31,  P),  through  \ 
stimulation  of  the  mnscnlar  fibres,  which  leads  to  a  partial  loss  of  control 
by  the  inhibitory  apparatus.     Copper  salts  or  other  muBcnlor  depressants  ^ 
cause  a  return  of  the  standstill  (Fig.  31,  C),  through  neutralizing  the  stimu-S 
lant  action  of  physostigmine,  and  thus  allowing  the  stimulated  inhibitory  / 
endings  to  regain  control.     Atropine  finally  induces  an  almost  complete  return  / 
to  the  normal  rhythm  (Fig.  31,  -1)  by  paralyzing  the  terminations  of 
inhibitory  nerves  and  thus  removing  the  effects  of  the  muscarine. 

Here  there  is  distinct  evidence  of  an  increase  in  the  irritability  of  the 
cardiac  muscle  of  the  frog  after  physoatigmine,  and  this  is  difScult  to  reconcile 
with  the  slow  pulsation  generally  seen  when  physostigmine  is  given  alone. 
In  the  mammalian  heart  no  sacfa  evidence  of  an  increase  in  the  muscular   '{ 
irritability  has  been  adduced,  and  the  vagus  arrests  it  as  easily  as  before  the  i 
administration  of  the  poison ;  according  to  some  investigators  even  more  essily.  ' 
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PhjsoGtigmine  produces  powerful  contractions  of  the  Stonuch, 
Inteatiiw  and  Utsnu  exactly  resembling  those  elicited  bj  muscarine 
and  pilocarpine.  It  differs  from  these,  however,  in  not  acting  on 
the  inhibitory  nerves  of  the  uterus. 

The  Bacretioiui  are  also  increased  by  physostigmine  as  by  pilocarpine 
and  muscarine ;  thus  the  saliva,  the  tears,  the  perspiration,  the  mucous 
secretions  and  the  pancreatic  juice  are  all  augmented. 


TradDK  of  tli« 

an  np-Btroke.    Z.  NoTmal.    ... _. 

tigmlne.     O.  Attn  a  copper  aalt.    A.  After  atropine.     (S«( 

Besides  the  intestine  and  stomach,  a  number  of  other  muscular 
organs  are  thrown  into  contraction  by  physostigmine — ureter,  bladder, 
spleen  and  bronchial  muscle.  The  Intraocular  Unsdw  also  undergo 
contraction,  and  their  movements  under  physostigmine  have  been  the 
subject  of  a  large  number  of  investigations  and  of  a  good  deal  of  con- 
troversy. The  pupil  contracts  when  physostigmine  is  employed  either 
locally  OP  internally,  and  this  contraction  may  be  lessened  by  the  sub- 
sequent application  of  atropine,  but  is  not  altogether  removed  except 
by  large  quantities.  On  the  other  hand,  the  dilatation  of  the  pupil 
produced  by  small  quantities  of  atropine  may  be  diminished  by  phy- 
Bostigmiue,  but  the  resulting  contraction  is  much  less  than  that  caused 
by  physostigmine  applied  to  the  normal  eye.  The  ciliary  muscle  is 
acted  on  in  the  same  way  as  the  pupil,  so  that  the  eye  becomes  accom- 
modated for  near  distance,  and  atropine  induces  the  same  modifica- 
tions. The  effects  of  physostigmine,  then,  on  the  secretory  organs, 
pupil  and  ciliary  muscle  are  strictly  analogous,  and  are  generally 
attributed  to  the  alkaloid  stimulating  the  terminations  of  the  nerves 
in  these  organs,     ^ysostigmine  does  not  contract  the  pupil  after 
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"^^eneration  of  the  motor  ocmt  nerve  (Anderaon),  which  apparently  '      '■ 

involves  its  receptor;  it  is  suggested  that  physostigmine  acts  on  the  t 
terminations  of  the  nerves  in  the  iris,  while  pilocarpine  and  atropine,  I 
which  act  after  degeneration,  affect  some  receptor  between  these  and  i 
the  actual  contractile  substance.     The  antagonism  of  physostigmine  I 
to  atropine  is  much  more  complete  than  that  of  pilocarpine,  for  a 
renewal  of  the  contraction  can  be  elicited  much  more  easily  by  the 
former  alkaloid.     The  intraocular  pressure  is  considerably  reduced 
by  the  application  of  physostigmine  to  the  eye  and  this  has  generally 
been  attributed  to  the  contraction  of  the  pupil  facilitating  the  escape 
of  the  fluid  by  allowing  it  freer  access  to  the  spaces  of  Fontana.     But 
the  latest  writer  on  the  subject,  Gronbolm,  states  that  it  is  due  to  a 
contraction  of  the  intraocular  vessels,  which  lessens  the  secretion. 

Some  physostigmine  is  Excreted  in  the  urine,  but  most  of  that 
ingested  is  destroyed  in  the  tissues.  It  has  also  been  found  in  the 
saliva  and  bile. 

The  symptoms  of  poisoning  with  Calabar  bean  are  identical  with 
those  caused  by  physostigmine,  except  when  an  old  preparation  con- 
taining calabarine  is  used,  when  some  stimulation  of  the  spinal  cord 
may  be  induced. 
I  Pbepakations. 

PuTHqffnnMI"*  P*''ffY'i'"i  eserine  Balicylate  (U.  S.P.),0.001  G.  (A  gr.).      .X^'^T^ 

Phtsostiouina  Sulphas,  eeerine  sulphate  (U.  8.  P.,  B.  P.).  0.001-O.O03     <JL     ' 
G-  (^-^  gr.).  / 

Lamelia  Phyaoiligmma  (B.  P.),  eaoh  eontaining  iJn^  gr.  of  physostignune    -^  -  ^ 
sulphate.  (ro    *-** 

The  sulphate  and  salicjrlate  of  physofitigmine  are  colorless  or  faintly  yel- 
low crystals,  yjlbftn*  "^"''    hut  possessing  a  bjtter  taate.     The  sulphate  is 
ddigoggCBiit  in  tne  air  and  is  vprv  unlnhle  in  linlh  jJMlKil  flp'<  mTar     Thn 
nt,  has  usually  a  slight  acid  reaction,  and  is  soluble 


;  th^ 
1  tbis\ 


in  ISp  parts  nf  fold,  6^3(rpart8  of  boiling  water.  Both  salts  undergo  di 
position  when  kept  in  soinuon  ana  ctien  aseume  a  reddish-brown  color; 
addition  of  bone  or  sulphurous  acid  to  the  solution  is  said  to  retard 
decomposition. 

Therapeutic  VatBt — Physostigmine  has  been  used  for  its  depressant  t 
action  on  the  central  nervous  system  in  cases  of  abnormal  excitability  " 
of  the  cerebral  cortex.  In  epilepsy  and  chorea  it  has  received  a  fairly 
extensive  trial,  but  has  proved  of  little  or  no  service  in  most  cases, 
and  is  positively  deleterious  in  some.  The  results  in  the  treatment 
with  it  of  other  diseases  of  the  central  nervous  system,  such  as  tetanus, 
have  been  no  more  favorable,  so  that  it  has  fallen  into  disuse. 

In  recent  years  physostigmine  has  been  given  in  pills  or  hypo- 
dermicaliy  (%o  gr.)  in  cases  of  atony  of  the  intestine  leading  to  tym- 
panitis and  meteorism.  But  it  is  chiefly  used  for  its  action  on  the 
intraocular  muacles  and  tension.  For  this  purpose  a  solution  of  i-1 
per  cent,  is  dropped  in  the  eye,  2-4  drops  at  a  time,  or  small  discs  of 
gelatin  impregnated  with  the  alkaloid  may  be  applied  to  the  conjunc- 
tiva (B.  P.).  The  pupil  begins  to  contract  in  5—15  minutes,  and 
attains  its  smallest  size  in  half  an  hour.     It  remains  contracted  12-14 
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hours,  aod  according  to  eome  observers  a  difference  in  the  size  of  the 
two  pupils  may  be  made  out  for  several  days.  The  ciliary  muscle 
contracts  along  with  the  iris,  and  the  eye  becomes  accommodated 
for  short  distances.  This  action  on  the  accommodation  passes  off  in 
2-4  hours,  but  the  sight  is  often  rendered  indistinct  for  some  hours 
longer  by  alternate  contraction  and  relaxation  of  the  ciliary  muscle. 
The  action  of  physostigmine  on  the  eye  differs  from  that  of  muscarine, 
for  the  former  acta  more  on  the  pupil,  the  latter  on  the  ciliary  muscle, 
and  the  pupil  is  often  contracted  by  physostigmine  while  the  accom- 
modation is  practically  unchanged.  The  intraocular  pressure  is 
somewhat  increased  at  £r&t  and  subsequently  sinks.  Its  action  in 
narrowing  the  pupil  after  atropine  has  beon  made  use  of  to  remove 
the  dilatation  produced  so  frequently  in  ophthalmic  surgery,  but  some 
newer  tropeines,  which  produce  a  shorter  mydriasis  than  atropine, 
have  almost  driven  it  from  this  field.  It  antagonizes  the  dilatation 
of  the  pupil  after  homatropine  and  cocaine  much  more  successfully 
.than  that  due  to  atropine.  It  has  also  been  used  in  cases  of  STnechia- 
I  (attachment  of  the  iris  to  the  lens)  alternately  with  atropine.  The 
alternate  contraction  and  dilatation  of  the  pupil  would,  it  was  hoped, 
break  down  the  attachment,  but  the  condition  is  now  generally  treated 
by  operation. 

Physostigmine  is  now  chiefly  employed  to  reduce  the  intraocular 
pressure  in  glaucoma. 

Physostigmine  Polaoning  has  occurred  only  from  eating  the  bean  aa 
yet,  and  is  to  be  treated  by  the  usual  methods  of  evacuation  of  the 
stomach  and  other  general  measures.  It  has  been  found  by  Fraser 
that  atropine  acts  as  an  antidote  to  physostigmine  in  animals,  and  it 
might  be  tried  iu  cases  of  poisoning.  The  full  dose  of  atropine  is 
required, 
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—A  number  of  the  groups  of  alkaloids  discussed  up  to  this 
point  act  on  the  same  peripheral  organs  and  generally  present  some 
difficulty  to  the  student,  so  that  a  few  general  remarks  regarding  them 
may  be  of  service.     These  drugs  act  at  two  distinct  points — ^tbe 
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peripheral  ganglia  and  Ae  terminations  of  the  neiree  in  the  musoular 
or  glandular  tisaues.  It  has  been  shown  in  aome  instances  that  the 
points  affected  in  these  tissues  do  not  degenerate  on  section  of  the 
nerve  and  it  is  possible  that  in  all  cases  they  are  of  muscular  rather 
than  of  nervous  origin,  but  this  does  not  materially  affect  the  argu- 
ment. In  the  abdominal  organs 
the  receptoia  are  often  independent 
of  the  augmentor  nerves.  Nico- 
tine, ourara  and  ooniine  affect  the 
ganglia  (Fig.  32,  N) ;  muacarine, 
pilocarpine,  physostigmine  and 
atropine  the  terminations  in  the 
organs  (3f,  Fig.  32).  Curara, 
coniine  and  atropine  are  purely  de- 
pressant in  their  peripheral  action; 
nicotine  is  first  stimulant  and  sub- 
sequently depressant,  while  mus- 
carine, pilocarpine  and  phyaostig- 
mine  are  practically  purely  stimu- 
lant. The  action  on  the  ganglia  is 
quite  independent  of  that  on  the 
nerve  ends,  and  either  may  be  stim- 
ulated or  depressed  after  the  others 
have  been  paralyzed.  If,  however, 
the  nOTve  ends  be  paralyzed  (Fig. 
32,  2)  as  by  atropine,  changes  in 
the  ganglia  will  have  no  apparent 
effect,  as  the  impulses  arising  from 
their  stimulation  are  blocked  in  the 
nerve  ends,  and,  on  the  other  hand, 
their  paralysis  doea  not  cause  any 
further  retardation  of  oentarifugal 
impulses  which  are  completely 
blocked  already.  After  paralysis 
of  the  ganglia  (Fig.  33,  8)  the 
stimulaticm  of  the  nerve  ends  is 
followed  by  the  usual  symptoms, 
because  the  impulses  pass  from 
the  nerve  ends  to  the  epithelium 
directly  without  the  interventicm 
of  the  ganglia.     Thus  muscarine, 
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the  sTrnpitbatJc  flbra  trooi  &e  gsiigU(ai 
cell.  IQ  I  tbe  connectlcm  between  the  cen- 
.tMl  nervoai  iTBtem  and  the  ■ecretorj 
cells  la  Intact,  and  aecretlona  mST  be  In- 
dDced  br  Immiliei  from  the  centres,  b; 
■tlmolaticD  it  V  or  at  M.  In  I  all  coo- 
nectlrai  between  tbe  nerre  and  the  epi- 
thelium Is  broken  off,  and  aecteUon  can 
b«  Indoeed  odIj  by  aUmalatlan  ot  the 
■ecretory  eclla  or  b;  restoring  the  eounec- 
tlon.  Id  1  the  connection  ia  iDtemptcd 
In  the  iwixllDn,  and  aecrettoit  can  be 
caoMd  cnlT  bj  drufs  acting  directly  on 
the  eplthellont  —  —  -—  - — ■•— ' —  " 


F  OB  t>i«  tennlnationa  M. 


pilocarpine  and  physostigmine  act  after  the  paralysis  of  the  ganglia 
by  nicotine  or  coniine.  If  the  ganglia  be  pa^yzed  first,  tbe  paral^ 
sis  of  the  nerve  aids  by  atropine  is  followed  by  no  change  unless 
the  latter  have  been  in  a  atate  of  activity.  While  it  is  nniversallyi 
acknowledged  that  atropine  arrests  the  action  of  muscarine  and] 
pilocarpine  by  paralyzing  the  points  at  which  these  unfold  theirj 
action,  the  subsequent  stimulation  of  the  paralyzed  terminations  by| 
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1  further  administrations  of  muscarine  or  pilocarpine  has  been  leas 

r  readily  accepted,  though  it  is  equally  certain.     The  quantity  of  phy- 

I  Boetigmine  required  to  restore  them  is  much  smaller  than  that  of 

f  pilocarpine,  and  its  application  is  therefore  much  more  successful  in 

J  reinstating  the  condition  of  active  stimulation.     These  differences 

between  pilocarpine  and  physostigmine  may  perhaps  be  explained  on 

the  analogy  of  the  chemical  theory  of  mass  action ;  the  "  affinity  "  of 

atropine  for  the  nerve  endings  is  greater  than  that  of  any  of  the  other 

alkaloids  under  discussion,  that  of  physoetigmine  next,  and  that  of 

pilocarpine  and  muscarine  leaet.     The  last  mentioned  are  therefore 

expelled  from  their  combination  with  the  protoplasm  by  very  small 

quantities  of  atropine,  and  have  to  be  given  in  very  large  quantities 

to  remove  the  atropine  from  its  combination.     On  the  other  hand, 

the  attraction  of  physostigmine  for  the  nerve  ends  seems  much  greater; 

larger  quantities  of  atropine  are  required  to  displace  it,  and  smaller 

quantities  of  physostigmine  restore  the  activity  of  the  nerve  ends. 

XVn.    ADRENALINE. 

The  suprarenal  glands  of  all  vertebrates  have  been  shown  to  contain 
a  body  which  possesses  a  powerful  action  on  the  organism,  and  which 
the  ^ands  normally  secrete  into  the  blood-vessels.  The  active  prin- 
ciple was  first  isolated  by  Abel,  and  has  been  named  ejnnephrine  or 
adrenaline.  It  is  a  comparatively  simple  substance  of  rather  unstable 
character,  readily  passing  into  an  inactive  modification,  and  appears 
to  be  a  feebly  basic  derivative  of  benzene,  corresponding  to  the  formula 
CflHs(0H)2— CHOH— CHg— NHCHfi.  Adrenaline  is  Isevorotary 
to  polarized  light ;  the  dextrorotary  complement  has  been  formed  syn- 
thetically and  proves  to  have  only  about  one-twelfth  of  the  activity  of 
the  natural  substance,  while  the  racemic  form,  which  consists  of  a 
mixture  of  these  two,  has  rather  more  than  one-half  the  activity  of 
adrenaline  (cf.  Atropine  and  Hyoscine). 

The  characteristic  action  of  adrenaline  is  best  elicited  by  its  injec- 
tion into  a  vein,  when  it  stimulates  the  terminations  of  the  sympa- 
thetic nerves  arising  from  the  lumbar  and  dorsal  regions  of  the  spinal 
cord. 

IThe  first  effects  observed  from  the  intravenous  injection  of  adrena- 
line are  a  very  marked  rise  in  the  art^ial  blood-pressnre,  accompanied 
at  first  by  acceleration,  then  by  slowing,  and  later  again  by  accelera- 
tion of  the  heart.  This  rise  in  blood-pressure  is  for  the  most  part  due 
to  constriction  of  the  vessels  of  the  abdominal  cavity,  but  an  increase 
in  the  efficiency  of  the  heart  similar  to  that  seen  under  digitalis  often 
plays  a  part,  though  a  subordinate  one.  The  sudden  increase  in  pres- 
sure occurs  after  destruction  of  the  vaso-motor  centre  and  cord,  or 
after  section  of  the  splanchnic  nerves  and  paralysis  of  the  ganglia  on 
the  vaso-conetrictor  nerves,  so  that  it  is  obviously  due  to  direct  action 
on  the  muscle  of  the  vessel  walls,  or  on  the  terminations  of  the  nervea 
in  them.  All  the  vessels  of  the  body  are  not  constricted  by  adrenaline, 
however,  for  those  of  the  lungs,  heart  and  brain  are  outside  its  sphere 
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of  action,  not  receiving  nerve-fibres  irom  the  thoraoico-lumbar  cord. 
The  blood  is,  therefore,  diverted  from  the  abdominal  cavity  to  these 
organs,  which  under  adrenaline  become  noticeably  congested.  And 
even  in  organs  whose  vesBels  are  conBtricted,  the  degree  varies  consid- 
erably, apparently  according  to  the  amount  of  control  normally  exer- 
cised by  the  constrictor  nerves ;  thus  the  vessels  of  the  uterus  are  more 
contracted  than  those  of  the  bladder,  and  these  again  more  than  those 
of  the  striated  muscles.  The  terminations  of  the  vaso-dilator  fibres 
are  also  excited  by  adrenaline,  as  may  be  demonstrated  by  paralyzing 
the  constrictor  terminations  by  ergotoxine,  when  adrenaline  causes  a 
fall  of  blood-presBure ;  but  in  normal  animals  this  action  is  entirely  con- 
cealed by  the  stimulation  of  the  more  powerful  constridior  functions. 
The  acceleration  of  the  heart  und^  adrenaline  is  due  to  stimulation 
of  the  terminations  of  the  accelerator  nerves  in  the  heart-muscle,  and 
is  therefore  accompanied  by  a  stronger  contraction  and  more  complete 


evacuation  of  the  chambers.  Very  soon,  however,  the  acceleration 
gives  place  to  the  slow,  full  beat  characteristic  of  inhibitory  activity. 
This  is  very  much  lessened  by  section  of  the  vagi  and  completely  dis- 
appears under  atropine,  bo  that  the  chief  cause  of  the  slow  beat  is 
obviously  excitation  of  the  vagus  centre.  This  excitation  is  not  due 
to  direct  stimulation  of  the  centre  by  adrenaline,  but  is  the  result  of 
the  increase  in  blood-presaure.  After  a  short  time,  the  blood-preasure 
beginning  to  fall  or  the  vagus  centre  becoming  exhausted,  the  accel- 
erator stimulation  again  gains  the  upper  hand  and  the  pulse  ia  much 
accelerated. 

The  effects  on  the  heart  and  vessels  resemble  in  many  points  those 
under  digitalis,  but  differ  from  these  in-their  more  rapid  onset,  their 
greater  intensity  and  their  short  duration.  The  frog's  heart  is  less 
easily  affected  than  by  digitalis,  but  similar  changes  have  been 
observed. 

The  effects  on  the  circulation,  and  also  on  other  organs,  last  only 
a  few  minutee,  but  can  be  renewed  by  a  fresh  injection. 
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The  contraction  of  the  vesBels  may  be  demonatrsted  by  perfusing 
blood  containing  adrenaline  through  excised  organs,  for  much  less 
blood  escapes  from  the  vein  than  when  blood  alone  is  perfused.  Or  a 
solution  may  be  applied  to  a  mucous  membrane,  when  the  part  becomes 
pale  and  ansemic  from  the  constriction  of  the  vessels ;  this  is  well  seen 
when  the  drug  is  applied  to  the  congested  conjunctiva  or  to  the  mesen- 
tery. Painted  on  the  unbroken  skin  adrenaline  has  no  effect,  as  it 
fails  to  penetrate  it,  but  denuded  surfaces  become  blanched,  and  hsem- 
orrhage  ceases  from  small  vessels.  It  has  no  effect  when  painted  on 
the  lung  or  on  the  brain,  the  vessels  here  not  receiving  fibres  from 
the  sympathetic 

Besides  the  vessels  and  heart,  other  organs  innervated  by  the  thora- 
cico-lumbar  sympathetic  fibres  also  respond  to  adrenaline,  the  nature 
of  the  response  varying  with  the  nature  of  the  impulses  normally 
transmitted  by  these  nerve-fibres.  Thus,  the  peristaltic  movements 
of  the  stomach  and  intestine  are  inhibited  by  splanchnic  stimulation, 
and  adrenaline  has  the  same  effect.  But  certain  specialized  parts  of 
the  bowel  wall  receive  motor  fibres  from  the  sympathetio— the  pyloric, 
ileo-colic  and  internal  anal  sphincters— and  these  are  thrown  into 
contraction  by  adrenaline.  The  movements  of  the  gall-bladder  are 
inhibited,  and  those  of  the  gall-duct  are  increased  by  sympathetic 
stimulation  and  also  by  adrenaline,  and  many  other  instances  of  sim- 
ilar action  have  been  collected  by  Elliott.  One  of  the  most  interesting 
is  presented  by  the  uterus,  which  in  the  pregnant  cat  contracts  on 
stimulation  of  the  hypogastric  nerves  or  after  adrenaline,  while  in 
the  non-pregnant  animal  both  of  these  cause  inhibition  and  relaxa- 
tion ;  in  the  rabbit,  on  the  other  hand,  both  cause  contraction  in  all 
cases,  while  in  the  dog  both  cause  contraction,  followed  by  relaxation. 
The  reaction  of  the  bladder  to  adrenaline  differs  in  different  species 
of  animals  according  to  the  nature  of  the  dominant  impulses  of  the 
lumbar  sympathetic  nerves.  In  the  eye  adrenaline  generally  dilates 
the  pupil,  the  eyelids  are  widely  opened,  the  eyeball  is  protruded,  and 
the  nictitating  membrane  withdrawn,  especially  when  the  irritability 
of  the  terminations  has  been  increased  by  previous  section  of  the  cei^ 
vical  sympathetic  cord.  Applied  locally  it  constricts  the  vessels  of 
the  conjunctiva  and  dilates  the  pupil,  and  often  reduces  the  intra- 
ocular tension  for  a  short  time.  One  set  of  unstriated  muscles  which 
fails  to  react  in  any  way  to  adrenaline  is  that  encircling  the  bron- 
chioles, and  these  appear  to  be  devoid  of  sympathetic  innervation. 

Thus  adrenaline  causes  contraction  of  some  forms  of  unstriated 
muscle  and  relaxation  of  others,  and  it  therefore  appears  unlikely  that 
it  acts  on  the  muscle  directly.  On  the  other  hand,  its  effects  corre- 
spond very  closely  with  those  of  sympathetic  stimulation,  so  that  the 
inference  has  been  drawn  that  it  affects  the  terminations  of  the  nerves. 
Against  this  it  may  be  argued  that  when  these  nerves  are  cut  and 
allowed  to  degenerate  adrenaline  still  acts,  but  this  merely  indicates 
that  the  point  at  which  adrenaline  acts  does  not  degenerate.^ 

*A  speei&l  term,  "  Di70Deara1  junction,"  has  been  coined  to  express  thia  point 
(Elliott). 
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The  eecretlona  do  not  present  such  marked  changes  under  adrena- 
line, though  they  are  also  generally  increased  when  they  are  controlled 
hy  the  sympathetic  nerves.  This  may  be  due  to  the  fact  that  the 
blood-aupply  ia  Bimultaneously  reduced  by  the  vaao-constriction.  The 
saliva  under  adrenaline  corresponds  in  character  with  that  secreted 
on  stimulation  of  the  cervical  sympathetic  trunk,  not  with  that  from 
chorda  tympani  stimulation.  Less  urine  than  normal  is  secreted,  or 
complete  anuria  may  occur. 

The  action  of  adrenaline  injected  intravenously  is  of  very  short 
duration,  and  this  was  explained  by  its  being  rapidly  destroyed  in  the 
tissues.  Elliott  states  that  it  disappears  more  rapidly  in  those  organs 
on  which  it  acts  than  in  indifferent  ones,  such  as  the  lungs.  But 
more  recently  it  has  been  stated  that  considerable  quantities  remain 
in  the  blood  after  the  effects  have  passed  off,  and  some  further  expla- 
nation ia  required  to  explain  the  flhortness  of  the  action.  Straub  sug- 
gests that  adrenaline  acts  only  while  it  is  entering  the  receptive 
substance  and  that  when  it  has  penetrated  the  cell  it  no  longer  influ- 
ences it.  When  equilibrium  is  established  between  the  cell  and  the 
blood  therefore  and  no  more  adrenaline  enters  the  cell,  the  actios 
ceases,  even  though  the  blood  still  contains  an  excess  of  the  principle. 
A  new  injection  by  increasing  the  concentration  in  the  blood  causes 
further  permeation  into  the  cell  and  renews  the  action. 

Adrenaline  applied  locally  induces  such  vaso-constriction  that  it  is 
only  slowly  absorbed;  and  it,  therefore,  has  only  local  effects  when 
it  is  given  by  the  mouth.  Injected  hypodermically  it  causes  local 
ischtemia,  but  no  further  effects  except  in  enormous  doses.  In  par- 
ticular the  blood-pressure  is  seldom  increased  by  this  method  of 
administration ;  injected  intramuscularly  it  seems  to  have  rather  more 
general  effect. 

Animals  are  poisoned  by  large  amounts  injected  hypodermically, 
and  even  smaller  quantities  induce  glycosuria,  diuresis  and  inflam- 
matory changes  in  the  liver  and  kidneys.  Larger  quantities  cause 
prostration,  collapse  and  paralysis  of  the  central  nervous  system,  end- 
ing in  failure  of  ihe  respiration  and  (sdema  of  the  lungs.  Similar 
symptoms  arise  from  the  intravenous  injection  of  very  large  quanti- 
ties, but  here  the  effects  of  the  very  high  blood-pressure  are  also  in 
evidence  in  numerous  heemotrhages.  The  glycosuria  induced  by  the 
hypodermic  injection  of  adrenaline  in  large  dosee  has  aroused  a  good 
deal  of  attention  and  speculation.  It  has  not  been  shown  to  arise 
from  the  stimulation  of  sympathetic  myoneural  receptors  as  in  the 
case  of  the  acute  symptoms,  and  the  absence  of  these  latter  after  sub- 
cutaneous administration  of  adrenaline  suggests  that  the  glycosuria 
may  have  a  different  origin.  It  appears  to  be  absent  in  some  animals 
after  thyroidectomy.  It  is  only  induced  by  quantities  far  in  excess 
of  those  used  in  therapeutics. 

The  intravenous  injection  of  adrenaline  in  the  rabbit  often  leads 
to  atheromatous  degeneration  of  the  aorta,  apparently  from  the  strain 
caused  by  the  high  arterial  pressure;  it  does  not  occur  in  other  ani- 
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mils,  and  ie  said  to  be  prevented  in  tlie  rabbit  by  the  injection  of 
choline. 

Prsparatloni. — ExtractE  were  at  first  made  from  the  fresh  glands, 
but  soon  the  dried  glands  were  introduced — glandula  miprarenales 
sicCfB  (U.  S.  P.),  the  dried  glands  of  the  sheep  or  ox — and  a  watery 
solution  made  from  these  may  be  used.  The  active  principle  has  been 
put  on  the  market  under  the  name  of  adbbmalihe,'  and  this  has 
almost  entirely  supplanted  the  cruder  preparations.  It  is  generally 
used  in  1  per  mille  solution,  but  often  in  one-tenth  or  even  one-fiftieti 
of  this  strength.  This  solution  may  be  disinfected  by  boiling,  and 
does  not  induce  any  general  symptoms  unless  when  injected  intrave- 
nously and  rapidly.  A  synthetic  substance,  suprarenine,  has  been 
prepared  recently.  Several  other  nearly  related  sul^tances  have 
effects  similar  to  adrenaline,  but  none  of  them  are  eo  active. 

Tlterapentle  Uses, — Disease  of  the  suprarenal  gland  leads  to  a  series 
of  symptoms  known  as  Addison's  disease,  and  it  has  been  supposed 
that  the  extract  of  the  gland  might  counteract  this  condition  by  sup- 
plying the  substance  whose  deficiency  induced  the  symptoms.  As  a 
matter  of  fact,  however,  but  little  success  has  attended  its  use  for  this 
purpose,  and  the  failure  may  perhaps  be  due  to  the  method  of  appli- 
cation, for  it  has  been  shown  repeatedly  that  the  characteristic  effects 
of  adrenaline  cannot  be  elicited  by  its  administration  by  the  mouth  or 
Bubcutaneously.  It  is  possible  that  the  extract  might  prove  beneficial 
if  it  could  be  brought  into  the  blood  directly  but  this  is  quite  impos- 
sible in  a  chronic  condition  such  as  Addison's  disease.  Its  general 
action  on  the  circulation  may  be  taken  advantage  of  in  such  emer- 
gencies as  heart  failure  under  anssthesia  or  in  shock,  and  in  fact 
Gottlieb  has  shown  that  in  animals  poisoned  with  chloral  or  chloro- 
form until  the  pulse  has  almost  completely  ceased,  the  circulation  may 
be  restored  immediately  by  suprarenal  extract.  In  order  to  elicit 
this  action,  the  drug  must  be  injected  intravenously  and  little  danger 
is  to  be  apprehended  from  small  doses  if  one  can  judge  from  the 
results  in  animals.  In  inaccessible  heemorrhage,  its  intravenous  in- 
jection might  conceivably  constrict  the  vessels  and  permit  of  the 
formation  of  a  clot,  but  the  great  rise  of  pressure  would  tend  to 
increase  the  heemorrhage,  and  its  use  is  therefore  hazardous. 

The  great  use  of  suprarenal  preparations  is,  however,  due  to  its 
local  effects  on  the  vessels.  No  other  body  is  known  which  induces 
such  complete  contraction  of  the  vessels  in  any  part  to  which  it  is 
applied,  and  in  addition  suprarenal  extract  has  only  local  effects,  unless 
it  is  injected  into  the  blood.  Complete  bloodlessness  of  a  part  may 
thus  be  elicited  without  alteration  of  the  general  blood-pressure,  and 
in  fact  without  any  appreciable  effect  upon  other  parts  of  the  body. 
This  local  ischsemia  has  been  largely  employed  to  allow  of  bloodless 
operations  on  the  eye  and  to  remove  congestion  of  the  conjunctiva 
from  various  causes.     It  is  often  administered  with  cocaine  in  opera- 
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tions  on  the  eye  (1  in  10,000  solution  of  adrenaline).  In  congestion 
of  the  naeal  mucous  membrane  and  in  operations  on  the  nose  it  is 
also  used  extensively  and  with  much  success ;  the  1  per  mille  solution 
may  he  sprayed  into  the  nose,  or  cotton  soaked  in  it  may  he  packed 
into  the  cavity.  In  epitazis  and  in  operations  on  the  nose,  the  hsem- 
orrhage  ceases  almost  completely  and  the  contraction  of  the  mucous 
membrane  permits  of  a  clearer  view  of  the  field  of  operation.  Hay 
fever  is  often  relieved  by  similar  treatment  with  suprarenal  prepara- 
tions. A  solution  of  adrenaline  has  been  found  usefiil  in  htemoi^ 
rhage  from  the  ear,  mouth  and  throat,  and  in  controlling  hiemorrhage 
in  operationa  in  general  surgery. 

Griinbaum  first  suggested  its  administration  by  the  mouth  in  gastric 
bsemorrbage,  in  which  the  action  is  confined  to  the  mucous  membrane 
of  the  stomach.  Similarly  it  may  be  injected  into  the  rectum,  bladder 
and  uterus  in  congeSition  or  heemorrhage  from  these  organs,  and  Schafer 
recommends  it  especially  in  post-partum  biemorrhage,  in  which  it  acta 
not  only  on  the  uterine  vessels  but  also  on  the  muscular  walls,  and 
arrests  the  bleeding  by  causing  a  tonic  contraction.  In  all  of  these 
cases  the  suprarenal  preparation  has  to  be  applied  directly  to  the 
bleeding  organ;  and  no  effectB  will  follow  from  its  being  carried  to 
them  by  the  circulation.  The  local  contraction  of  the  vessels  lasts 
very  much  longer  than  that  induced  by  intravenous  injection,  for  even 
dilute  solutions  induce  ischa^mia  lasting  from  thirty  minutes  to  two 
hours,  according  to  the  rapidity  with  which  the  adrenaline  is  al^orbed. 
The  vessels  of  some  organs  do  not  contract  under  adrenaline,  and  no 
benefit  is  to  be  expected  from  its  application  in  haemorrhage  fromi 
these ;  spraying  adrenaline  into  the  lungs  in  case  of  hemoptysis,  for 
example,  is  quite  useless,  and  similarly  hcemorrhage  in  operations  on 
the  brain  cannot  be  controlled  by  it. 

The  constriction  of  the  vessels  in  a  part  to  which  adrenaline  is 
applied  retards  the  absorption  of  poisons  injected  with  the  adrenaline, 
and  at  the  same  time  permits  of  their  exercising  a  more  marked  local 
effect.  This  fact  has  been  utilized  in  surgery  to  prevent  the  absorp- 
tion of  cocaine  and  intensify  its  local  action,  and  the  method  has  been 
attended  with  most  encouraging  results,  A  few  drops  of  the  1  per 
mille  solution  are  added  to  the  Schleich's  solution  of  cocaine,  and 
blanching  of  the  tissues  results;  instead  of  cocaine,  any  of  its  substi* 
tntee  may  be  used.      ' 
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Pitnitaiy  Body. 

The  extracts  of  the  Pltoitar?  Bodr,  or  rather  of  its  posterior  lobe  or 
infundibular  body,  have  a  proaounced  effect  when  injected  intrave- 
nously in  animals.  The  chemical  characters  of  the  active  prin- 
ciple are  unknown,  and  it  has  not  yet  been  isolated  from  the  pro- 
teins of  the  gland.  The  arterial  tension  is  increased  by  the  extract, 
\  but  the  rise  is  smaller  than  that  induced  by  adrenaline,  although  it 
*is  maintained  longer.  The  heart  is  slowed,  partly  through  inhibi- 
tory action,  partly  from  direct  action  on  the  muscle.  The  rise  in 
blood  pressure  is  mainly  the  result  of  contraction  of  the  arteries  from 
direct  action  on  them,  though  the  vaso-constrictor  centre  may  also  be 
stimulated  in  a  minor  degree.  A  second  injection  made  soon  after 
this  effect  has  been  induced  generally  fails  to  raise  the  pressure  or 
rfow  the  heart ;  in  fact  the  blood  pressure  generally  falls  considerably 
from  it,  owing  to  the  presence  of  a  second  depressor  body  in  the 
extract.  The  constrictor  effect  is  not  observed  in  the  renal  vessels, 
which  are  dilated  by  each  injection,  and  this  is  accompanied  by  a 
profuse  secretion  of  urine.  The  uterus  contracts  strongly  after  an 
injection  of  pituitary  extract,  while  the  stomach  and  intestines  are  less 
affected.  The  action  appears  to  be  exerted  directly  on  the  plain 
muscle  of  the  vessels  and  organs,  and  not  on  the  myoneural  junction 
as  in  the  case  of  adrenaline.  Large  quantities  can  be  injected  with- 
out inducing  further  symptoms  than  somnolence  and  muscular  weak- 
ness. The  typical  action  on  the  circulation  and  kidney  can  also  be 
elicited  by  hypodermic  injection  of  the  extract,  but  little  action  is 
observed  from  its  administration  by  the  mouth.  Acromegaly  is  gen- 
erally regarded  as  being  connected  in  some  way  with  disease  of  the 
hypophysis,  but  the  extract  does  not  seem  to  modify  the  disorder  in 
most  cases,  although  improvement  has  been  stated  to  occur  sometimes. 
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ZVIIL    EBOOT. 

Ergot  13  a  purflHitit;  fnnpjiis  tTHftvipfpa  piirmicft'^  which  grows  on  the 
rye  (Secale  cereale)  and  occasionally  on  other  binds  of  graio ;  more 
rarely  on  other  plants.  It  is  of  great  importance  in  therapeutics  and 
also  in  toxicology,  as  the  use  of  bread  and  meal  containing  it  has  fre- 
quently given  rise  to  widespread  epidemics. 

The  chemistry  of  ergot  has  been  the  subject  of  a  large  number  of 
investigations,'  but  these  have  been  attended  with  little  success  until 
the  last  few  years.  The  question  of  the  chief  active  principles  seems 
to  have  been  settled  by  the  recent  work  of  Barger,  Dale  and  their 
co-workers,  who  have  isolated  several  alkaloids  from  the  fungus. 
Oneof  these,  £rgroittit««,C8BHBBO(iNo,  is  almost  inert,  hut  its  hydrate, 
Ergotoxine,  CsgH,  iO„Nb,  has  a  powerful  action  on  the  tissues.  Either 
alkaloid  can  be  readily  transformed  into  the  other,  and  this  may 
explain  many  of  the  discrepancies  in  the  literature  of  the  subject. 
Tyramine  or  Hydroxyphenylethylamine,  OH-CflHi-CHjCH^NHj, 
and  Isoamylamine,  (CHa)2CHCHjCHjNH2,  are  also  present  in 
ergot,  and  the  former  has  an  important  action,  while  the  latter  is  in 
too  small  amount  to  influence  the  general  effect  of  the  drug.  It  is  of 
interest  to  note  Uiat  the  more  powerful  of  these  two,  tyramine,  resem- 
bles adrenaline  both  in  chemical  constitution  and  in  pharmacological 
action.  Both  of  these  amines  also  occur  in  putrid  meat.  In  addition 
to  the  alkaloids,  ergot  contains  a  quantity  of  an  inert  oil  and  some 
saponin  bodies  which  aid  in  the  suspension  of  the  more  important 
principles  in  alcohol  and  water. 

Ergot  has  rarely  given  rise  to  serious  Ante  PoiBoning  in  man,  but 
in  some  cases  in  which  it  was  taken  to  procure  abortion  the  symptoms 
consisted  in  collapse,  with  a  weak,  rapid  pulse,  tingling,  itching  and 
coldness  of  the  skin,  unquenchable  thirst,  vomiting  and  diarrhcea,  con- 
fusion or  unconsciousness,  hemorrhage  from  the  uterus,  abortion  and 
often  icterus.  Ecchymoses  were  found  in  the  subcutaneous  tissues 
and  in  many  internal  organs.  Occasionally,  after  a  single  small  dose, 
gangrene  has  supervened  in  small  areas  such  as  the  toe-nails. 

Given  in  therapeutic  doses  ergot  has  generally  no  effect  except  in 
pregnant  women,  in  whom  it  often  induces  contraction  of  the  uterus 
and  evacuation  of  its  contents.  In  some  cases  of  fatal  poisoning  no 
abortion  occurred. 

Ghronic  Foisoning  was  formerly  not  uncommon,  and  in  fact  fre- 
quently gave  rise  to  widespread  epidemics,  from  the  use  of  bread 
containing  ergot  after  poor  harvests  and  especially  in  wet  seasons. 
Of  laic  years  these  epidemics  have  become  rare  except  in  Kussia,  but 
-  some  of  the  "  plagues  "  of  mediseval  Europe  may  have  been  due  to 
ergot  poisoning. 

The  symptoms  of  ergotism  are  sharply  divided  into  two  groups, 

'  These  have  generall;  reaulted  in  the  intTodDetiaa  of  some  Hiippoied  active  eon- 
BtitveBt,  bat  none  of  these  were  cbemically  pure  and  the  names  have  now  onlj 
hivtorieal  intereat.  The  beat  knoim  of  these  namea  are  ecboline,  ergotine,  Bphac«- 
linie  acid,  comatine,  <dirjBatoziiie,  secalintoxine,  Bphaeelotozine. 
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those  of  gangrene  and  those  of  nervous  disorders.  In  some  epidemics 
both  the  gangrenous  and  the  convulsive  forma  are  present,  bnt,  as  a 
general  rule,  one  is  much  more  prevalent  than  the  other,  at  one  time 
gangrene  heing  almost  invariablj  present,  while  in  another  epidemic, 
the  convulsive  tjpe  is  the  more  common.  The  gangrene  is  generally 
developed  in  the  limbs,  especially  in  the  fingers  and  toes ;  sometimes 
the  whole  arm  or  kg  becomes  cold  and  aoEesthetic,  dark  in  color,  and 
then  dry,  hard  and  shrunken,  and  falls  ofF  with  little  or  no  pain  and 
no  heemorrhage.  Symptoms  of  such  severity  are  rare,  however,  and 
in  milder  cases  only  the  skin  necroses.  Gangrene  of  internal  organs 
also  occurs,  resulting  in  cataract  in  the  lens  of  the  eye,  or  ulcers  in 
the  bowel  and  stomach,  and  sometimes  affecting  a  whole  organ  such 
as  a  lung  or  tlie  uterus.  Abortion  is  seldom  mentioned  in  the  accounts 
of  chronic  ergot  poisoning,  and  pr^nancy  seems  in  many  cases  to 
have  mn  its  ordinary  course. 

In  spasmodic  ergotism  the  first  symptoms  are  depression,  weak- 
ness and  drowsiness,  often  with  headache  and  giddiness,  painful 
cramps  in  the  limbs,  and  itching  and  formication  of  the  skin.  In 
severe  cases  paroxysmal  convulsions  set  in,  generally  clonic,  and  often 
epileptiform,  but  leaving  as  sequels  contractures  in  the  limbs,  or  less 
often  in  the  tnmk  muscles.  Some  intellectual  weakness  often  follows 
recovery  from  ergot  poisoning,  this  not  infrequently  amounting  to 
complete  dementia,  but  the  disease  was  immediately  fatal  in  a  large 
proportion  of  cases  in  earlier  times. 

Injected  into  frogs  ergot  generally  induces  depression  and  paralysis 
of  Ae  central  nervous  system,  sometimes  apparently  with  some  con- 
vulsive movements.  In  mammals,  restlessness,  salivation,  sometimes 
vomiting  and  purging  have  been  observed.  Depression  and  weakness, 
ataxia  and  clonic  convulsions  follow  on  larger  doses,  which  prove 
fatal  by  paralyzing  the  respiratory  centre.  Gangrene  has  been  observed 
in  the  ears  of  the  rabbit,  but  is  not  so  common  as  in  the  pig,  in  which 
the  ears,  the  extremities,  and  patches  of  the  skin  of  the  trunk  have 
been  found  to  become  dry  and  hard,  and  finally  to  fall  off.  Extrava- 
sationq  of  blood  into  the  stomach  and  bowel  and  other  organs  have  fre- 
quently followed  the  exhibition  of  ergot  in  mammals.  In  pr^nant 
animals  abortion  is  often  induced,  but  not  invariably,  even  when  very 
large  doses  are  given. 

In  fowls  a  characteristic  train  of  symptoms  is  induced,  and  these 
animals  have  frequently  been  used  as  teats  for  the  activity  of  ergot 
preparations.  The  cock  becomes  drowsy  and  dyspnoeic,  and  the  comb 
and  wattles  become  dusky  purple  in  color.  Vomiting  or  purging  may 
follow  and  a  curious  ataxia  is  observed,  the  animal  swaying  to  and  fro  ' 
and  evidently  maintaining  its  balance  with  diSiculty^.  After  large  or 
repeated  doses  the  comb  becomes  dry  and  hard  and  falls  off,  and  s 
similar  gangrene  may  attack  the  legs,  tongue  or  wing.  The  animal 
refuses  food  and  becomes  weak  and  somnolent,  but  may  recover  if  the 
treatment  be  stopped. 
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Action. — Tne  acticm  of  ergot  in  the  living  organism  haa  only 
recently  been  elucidated  by  tlie  admirable  experimental  work  of  Bale, 
and  is  due  to  tbe  ergotozine  and  tyr&mine.     It  resembles  in  general 
character  that  of  adrenaline,   the  receptors  affected  lying  in  the  \ 
myoneural  junctions  of  the  sympathetic  nerves  from  the  thoracic  and  \ 
lumbar  spinal  cord.     Tyramine  acts  less  on  the  inhibitory  tormina-  I 
tions  than  adrenaline,  and  ergotozine  does  not  appear  to  affect  them  I 
at  all.     And  ergotoxine,  while  stimulating  the  motor  myoneural  June-  1^ 
tions  in  small  doses,  paralyzes  them  in  larger  amounts.     The  ergot  t. 
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Flsorca  llliutratlns  tbe  effects  of  ergot  on  tlie  blood-preastire  (Dale).  Id  A  the 
iDlectlDH  of  ergot  Induces  ■  rise  of  blood-prennre  (B.  P.)  wlui  conttrlctlon  of  the  Teuets 
of  the  lea.  In  ^  a  large  doee  of  ergot  had  been  Injected  prerlonalT,  and  adrenaline 
Injected  at  tbe  point  IndTcated  now  caoaea  a  fall  of  blood-preaaare  with  dllatatloo  of  the 


bases  are  much  less  powerful  than  adrenaline,  but  on  the  other  hand, 
their  effects  last  longer  and  can  be  elicited  by  hypodermic  injectionl 
or  even  by  administration  by  the  mouth.  " 

The  circulation  shows  the  effects  which  are  to  be  expected  from 
stimulation  of  the  vasomotor  terminations  in  the  Bplanchnic  area, 
namely,  an  abrupt  rise  of  blood-pressure,  when  an  ergot  base  is 
injected  intravenously.  Tbe  result  is  not  so  constant  when  crude 
ergot  preparations  are  thus  administered,  as  saponine  bodies  and  other 
cardiac  depressants  mask  the  effect  of  the  alkaloids.  This  rise  in 
pressure  occurs  after  section  of  the  splanchnic  nerves  and  is,  there- 
fore, mainly  of  peripheral  ori^n.     It  is  accompanied  by  constriction 
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of  the  vessels  of  the  abdominaf  cavit;  and  tM  limbs,  aa  may  be  ahown 
by  oncometer  and  plethysmograpbic  records.  The  heart  is  often 
accelerated  at  first  and  then  slowed,  partly  front  the  vagus  centre 
being  stimnlated  by  the  high  blood-pressure  and  partly  by  a  direct 
action  on  the  heart  muscle.  Sometimes  the  slowing  of  the  heart  may 
be  80  marked  as  to  conceal  the  effects  of  the  vaso-constriction  on  the 
blood-pressure  tracing. 

The  rise  in  pressure  is  to  be  ascribed  to  stimulation  of  the  constric- 
tor nerve  terminations  in  the  vessel  walls  and  is  strictly  analogous  to 
that  observed  under  adrenaline.^  The  extent  to  which  it  is  developed 
varies  in  different  animala,  being  well  marked  in  the  cat,  dog  and 
fowl  and  only  observed  with  difficulty  in  the  tabbit  and  monkey. 

After  a  large  dose  the  same  rise  in  pressure  is  observed,  but  if 
adrenaline  or  nicotine  be  injected  before  the  pressure  returns  to  the 
normal  height,  instead  of  raising  the  pressure,  it  produces  a  marked 
fall.  The  same  is  true  if  the  splanchnic  nerve  be  stimulated  while 
the  blood-pressure  is  raised  by  ergot,  while  in  ordinary  circumstances 
this  raises  the  blood-pressure  by  constricting  the  abdominal  vessels. 
Or,  if  aft«r  a  lai^  dose  of  ergot  the  pressure  be  allowed  to  return 
to  the  normal  and  now  adrenaline  be  injected  or  the  eplanchnics  be 
stimulated,  no  effect  at  all  may  be  observed.  The  explanatio^^  this 
remarkable  change  is  that  ergotoxine  has  now  paralyzed  the  motor  or 
constrictor  terminations  in  the  vessels,  and  that  motor  impulses,  either 
from  the  splanchnic  fibres  or  from  the  ganglia  (nicotine)  can  no 
longer  reach  the  muscle,  nor  can  adrenaline  act  on  the  paralyzed 
terminations.  But  while  the  constrictor  terminations  are  thus  put 
out  of  activity,  the  inhibitory  or  vasodilator  terminations  are  unaf- 
fected, and  thus  anything  which  stimulates  these  (e.  g.,  adrenaline) 
may  cause  a  fall  of  pressure.  The  effects  of  adrenaline  on  the  vaso- 
dilator terminations  are  ordinarily  masked  by  its  action  on  the  more 
powerful  constrictors. 

Ergot  applied  locally  to  the  arterioles  has  much  less  constricting 
effect  than  adrenaline,  although  some  blanching  may  be  observed.  This 
difference  accounts  for  the  fact  that  the  ergot  action  may  be  elicited 
by  hypodermic  injection  or  by  administration  by  the  mouth,  while 
adrenaline  is  practically  devoid  of  effect  when  given  in  these  ways. 

The  heart  is  powerfully  stimulated  by  tyramine,  the  contractions 
increase  in  rate  and  also  in  strength,  and  this  cardiac  effect  must 
contribute  to  the  rise  of  blood-pressure.  It  is  not  yet  determined 
whether  the  change  in  the  heart  is  due  to  direct  action  on  the  muscle 
or  to  stimulation  of  the  accelerator  myoneural  junction.  Slowing  of 
the  heart  is  frequently  seen  after  an  injection  of  ergot,  and  this  seems 
to  arise  from  stimulation  of  the  vagus  centre  by  the  high  blood-pressure 
and  not  from  the  direct  action  of  the  drug. 

The  terminations  of  the  inhibitory  nerves  of  the  heart  are  not  para- 
lyzed or  weakened  in  any  way  by  ergot,  but  large  doses  appear  to 

'  There  is  re&Hiii  to  believe  that  tf  r&miue  also  exeroiaea  some  eentral  action. 
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weaken  and  depress  the  accelerator  termina 
from  the  thoracic  sympathetic  (ergotoxiue). 

The  stomach  and  intestine  receive  motor  impulses  from  the  pnen- 
mogastric,  and  these  are  not  affected  by  ergot.  The  splanchnic  sup- 
plies inhibitory  fibres  and  these  are  slightly  stimulated  by  the  tyra- 
mine,  so  that  die  moTements  cease  and  the  tone  is  reduced,  but  these 
are  much  less  affected  than  by  adrenaline ;  the  splanchnic  motor  termi- 
nations in  the  intestinal  sphincters  are  paralyzed  by  large  doeee  of 
ergotoxine. 

The  pupil  undergoes  a  powerful  constriction  when  ergot  is  injected 
intravenously,  sometimes  after  a  momentary  dilatation.  This  con- 
striction is  not  affected  by  atropine  and  ia  believed  to  be  due  to  a  direct 
action  on  the  muscle  fibre.  After  large  doses  of  ergot,  adrenaline  fails 
to  dilate  the  pupil,  owing  to  depression  of  the  dilator  nerve  fibres 
which  originate  in  the  thoracic  region  and  pass  upwards  in  the  cer- 
vical sympathetic  trunk.  Its  action  on  the  bladder  and  urethra  is  of 
interest,  as  here  the  motor  nerve-supply  is  partly  derived  from  the 
lumbar  and  partly  from  the  sacral  nerves.  It  is  found  (Dale)  that 
while  the  motor  terminations  from  the  lumbar  roots  are  paralyzed  by 
ergot  in  large  doses,  those  from  the  sacral  are  unaffected. 

The  secretory  nerves  are  discriminated  between  in  the  same  way  as 
the  muscular.  Thus  it  is  found  that  in  the  cat  large  doses  of  ergot 
prevent  the  secretion  of  the  submaxillary  gland,  which  normally  accom- 
panies stimulation  of  the  sympathetic  fibres,  or  follows  the  injection 
of  adrenaline,  while  stimulation  of  the  chorda  tympani,  a  cranial 
nerve,  has  its  usual  effect. 

The  most  important  effect  of  ergot,  however,  is  exerted  on  the 
uiemSj  in  which  it  stimulates  primarily  the  motor  myoneural  junc- 
tions of  the  hypogastric  nerves,  while  the  inhibitory  ones  are  less 
strongly  affected.  The  contraction  lasts  for  a  short  time  and  is  fol- 
lowed by  a  slow  relaxation,  but  this  is  interrupted  by  numerous  new 
contractions,  a  lasting  effect  on  the  irritability  being  induced.  Adre- 
naline also  causes  contraction  of  the  uterus  in  some  animals,  while  in 
others  it  inhibits  movement  and  relaxes  the  organ ;  adrenaline  here 
again  stimulates  both  motor  and  inhibitory  terminations,  and  the 
result,  contraction  or  relaxation,  depends  on  the  nature  of  the  pre- 
dominating nerves.  Ergotoxine,  acting  only  on  the  motor  endings, 
induces  contraction  only,  and  this  is  the  typical  effect  of  ergot  prepa- 
rations, though  the  tyramine  injected  alone  may  cause  relaxation 
when  the  inhibitory  nerves  predominate,  as  in  the  non-pregnant  cat. 
Wben  a  large  amount  of  ergot  has  been  injected,  the  motor  termina- 
tions become  depressed  or  paralyzed  by  the  ergotoxine,  and  now 
adrenaline  causes  relaxation  in  all  animals,  whatever  its  effects  before 
the  injection  of  ergot. 

The  uterus  thus  reacts  to  ergot  in  a  way  precisely  analogous  to  the 
arterioles,  and  it  is  noteworthy  that  from  tiie  uterus  alone  any  very 
obvious  symptoms  are  elicited  by  therapeutic  doses.  For  the  alimen- 
tary tract  is  but  little  affected,  and  the  rise  of  blood-pressure  is  not 
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easily  observable  in  the  circumstances  in  which  ergot  ie  usnally  exhib- 
I  ited.     The  contraction  of  the  uterus  in  pregnant  animals  causes  the 
I  descent  of  the  fcetus  toward  the  os,  and  in  suitable  doses  ergot  induces 
abortion.     If  the  dose  injected  is  small,  the  rhythmic  contractions 
1  are  accelerated  and  strengthened,  or  if  the  uterus  is  at  rest,  ergot  may 
I  arouse  it  to  rhythmic  contraction.     Aa  the  dose  is  increased,  the  con- 
tractions become  more  powerful  and  last  a  longer  time,  until  with  a 
large  injection  the  uterus  may  contract  very  powerfully  and  remain 
in  this  position  for  many  minutes. 


The  central  nervous  system  is  acted  on  by  ergot  in  both  man  and 
the  lower  animals,  but  this  has  not  as  yet  been  elucidated  by  experi- 
ment and  the  point  of  action  is  still  unknown.  The  depression  seen 
especially  in  the  fowl  seems  to  point  to  cerebral  action,  while  the 
marked  ataxia  may  indicate  an  affection  of  the  cerebellum.  The 
clonic  convulsions  seen  in  mammals  surest  changes  in  the  regions  of 
the  pons  and  medulla.  The  curious  permanent  effects  observed  in 
spasmodic  ergotism  have  not  been  explained;  and  no  analogous  symp- 
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toms  have  been  observed  from  aoy  other  form  of  chronic  alkaloidal 
poisoning. 

The  gangrenous  ergotism  ia  due  to  the  contraction  of  the  veesele, 
shutting  off  the  blood-supply  and  thus  leading  to  the  death  of  the 
part.*  It  it  Been  more  eepecially  in  the  distal  parts  and  is  more  liable 
to  ocear  in  some  animals  than  in  others.  Dale  statea  that  in  the  fowl, 
which  seems  peculiarly  liable  to  gangrene,  the  contractor  action  ou 
the  blood  vessela  is  not  nearly  so  liable  to  pass  into  the  stage  of  para- 
lysis of  the  nerve-ends  as  in  other  animals.  The  histological  appear- 
ance of  the  comb  in  these  animals  is  that  characteristic  of  dry  gan- 
grene, the  smaller  vessels  being  filled  with  a  hyaline  substance  with 
a  narrow  streak  of  red  corpuscles  here  and  there. 

The  vomiting  and  diarrhcea  which  are  sometimes  observed  after 
ergot  have  not  been  explained.  They  may  perhaps  be  due  to  the 
alkaloids,  but  it  seems  more  likely  that  they  may  arise  from  some  of 
the  other  constituents,  such  as  choline  or  saponlne  bodies. 


FsKFASATIOnS. 

V.  S.  P. — lErgota,  ergot  of  rye,  tbe  sderotitim  o(  Claviceps  purpurea 
replacing  the  gram  of  lye.    Wlien  more  than  one  year  old,  it  is  unfit  for  uee. 
ExtractuM  Ergota,  0.25  G.  (4  gre-)- 
J'LT1iillt)H'nA(n';t^  VMamja.  2  (i.e.  f30  mina.^ 

B.  P. — Ergota,  the  scleTotinm  of  Claviceps  purpurea,  originating  in  the 
ovary  of  Secale  cereale.    20-60  grs. 

Extraetum  Ergota  (Ergotin),  2-6  gra. 

ExTRACTOH  Ehoot^  Liquiddm,  10-30  mina. 

Tinclvra  ErgottB  Ammoniata,  J— 1  fl.  dc— _ 

Infuaum  ErgottB,  1-2  fl.  oz.~  »»^  »<.  li.':^f^f,f,^„jfy  , 

Injectio  Ehqot^  Htpodehmica,  3-10  mini.  (Bubcutaueoualy).  The  injec- 
tion ought  to  be  recently  prepared.    It  ia  about  33  per  cent. 

The  fluid  or  liquid  eztracta  and  the  hypodermic  injection  are  the  best  of 
the  preparations.  The  vinum  ia  very  often  quite  inert.  The  alcoholic  prepa- 
rations (fluideztract,  extract  B.  P.,  liquid  extract  and  tincture)  contain  a 
larger  proportion  of  ergotozine  than  the  aqueous  ones,  the  latter  owing  their 
activity  to  the  tyramine  almost  exclusively.  A  veiy  loi^  number  of  prepa- 
rations, such  as  ergotin,  ergotinic  add,  eclerotinic  acid,  comutine,  etc.,  are 
simply  more  or  less  purified  extracts  and  have  no  advantage  over  the  phar- 
macoptsial  preparattonB;  in  fact  the  chemical  manipulations  through  which 
they  are  ohtained  are  often  such  as  are  likely  to  remove,  or  render  inert,  the 
active  bodies  of  the  crude  drug.  Tyramine  has  recently  been  pat  on  the 
market. 

The  dose  of  the  preparations  of  ergot  is  exceedingly  varied,  probably 
because  tbe  active  alludoid,  et^tojdne,  tends  to  pass  into  the  inactive  ei^ti- 
uine  on  keeping.  At  present  the  preparationa  can  only  be  standardized  by 
comparing  IJieir  activity  on  the  uterus  or  hlood-preesnre  of  animals  with  that 
of  a  standard  preparation  or  with  that  of  the  alkaloids. 

Therapeutic  Uses. — Ergot  is  used  very  largely  in  obstetrics  to  pro- 
mote the  contraction  of  the  uterus,  but  considerable  divergence  is  met 

'  Gangrene  of  the  comb  in  the  fowl  has  also  been  observed  from  the  aetlon  of 
eantbaridin,  which  has  no  effect  on  the  vessels,  and  this  suggests  that  the  alkaloid 
of  ergot  may  perhaps  have  some  fnrther  action  here  than  the  vaso-constriction. 
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for  its  exhibition.  Thus,  those  who  believe  that  ergot  increases  the 
irritability  of  the  uterus  and  produces  rhythmical  contraction  without 
tetanus,  advise  that  it  be  given  whenever  the  pains  seem  insnfScient, 
and  more  especially  when  this  occurs  in  the  later  stages  of  labor. 
Others  are  poss^sed  with  an  exaggerated  apprehension  of  the  pro- 
longed uterine  contractions,  which  they  consider  delay  labor  and  tend 
to  cause  asphyxia  in  the  child,  and  therefore  advise  that  ergot  be  used 
only  to  preserve  the  uterus  in  a  contracted  condition  after  the  child 
and  placenta  have  been  expelled.  In  every  case  the  attendant  should 
of  course  satisfy  himself  before  giving  ergot  of  the  absence  of  all 
actual  impediments  to  the  passage  of  the  child,  such  as  contracted 
pelvis,  abnormal  presentation,  or  great  rigidity  of  the  soft  parts,  and 
when  it  is  administered  before  the  head  emerges,  the  dose  ought  to  be 
small,  as  otherwise  the  tonic  contraction  may  be  induced.  When  the 
head  is  about  to  emerge,  on  the  other  hand,  a  large  dose  may  be  given 
to  promote  the  permanent  contraction  of  the  uterus  and  thus  to  prevent 
post-partum  luemorrhage.  When  the  latter  has  once  set  in,  ergot  is 
of  leas  immediate  service,  as  it  is  slowly  absorbed,  and  no  effects  follow 
for  some  twenty  minues  or  more.  Whenever  there  is  any  reason  to 
fear  that  weakness  of  the  uterine  contraction  and  hsemorrhage  may 
set  in  after  the  expulsion  of  the  child,  ergot  ought  to  be  pven  when 
the  head  emerges,  and  many  gynecologists  recommend  this  as  a  rou- 
tine treatment. 

£rgot  hinders  post-partum  hssmorrbage,  chiefly  by  promoting  the 
contraction  of  the  uterus.  lu  other  forms  of  htemorrbage— from  the 
^^  stomach,  intestines,  kidneys,  lung  or  uterus — in  which  the  bleeding 
point  cannot  be  reached,  it  is  often  advocated  in  the  belief  that  it  con- 
tracts the  walls  of  the  vessels  and  thus  arrests  the  flow  of  blood. 
These  hiemorrhages  so  often  cease  spontaneously  that  it  is  difficult  to 
estimate  the  value  of  any  remedy,  but  it  may  be  questioned  whether 
ergot  merits  its  reputation  in  these  cases.  Its  action  in  healthy  ani- 
mals certainly  indicates  that  the  contraction  of  the  vessels  is  confined 
to  certain  organs,  and  there  is  no  reason  to  suppose  that  a  more  intense 
action  is  exerted  on  a  ruptured  vessel  than  on  the  uninjured  ones  of 
other  organs ;  but  unless  this  is  the  case  the  use  of  ergot  may  be  rather 
harmful  than  remedial,  for  any  increase  in  the  general  blood-pressure, 
such  as  would  follow  the  contraction  of  the  vessels  throughout  the 
body,  must  increase  the  escape  of  blood  from  the  injured  vessel.  In 
these  cases,  as  in  labor,  the  fluidextract  is  often  given  by  the  month, 
but  this  extract  or  the  special  preparation  of  the  B.  P.  is  sometimes 
injected  with  the  hypodermic  needle.  It  is  irritant,  and  ought, 
therefore,  to  be  injected  deeply  into  the  muscle,  rather  than  into  the 
subcutaneous  tissues. 

The  effect  of  ergot  in  inducing  contraction  of  the  uterus  has  been 
used  in  the  treatment  of  subinvolution  apd  of  myomata  of  that  organ ; 
the  involution  of  the  uterus  certainly  seems  to  be  favored  by  it,  but 
the  results  in  tumor  are  more  open  to  question.     In  any  case  the 
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prolonged  treatment  of  this,  or  of  any  other  condition  with  ergot,  is 
to  be  deprecated,  for  if  the  drug  is  active  at  all,  it  may  induce  gan- 
grene or  spasmodic  ergotism.  The  same  criticism  might  be  applied  < 
to  the  ergot  treatment  of  a  number  of  other  diseases,  such  as  aneurism, 
diabetes,  or  pneumonia ;  and  in  addition,  it  does  not  seem  to  have  any 
greater  effect  in  these  than  many  other  less  dangerous  remedies,  which 
have  been  equally  vaunted  as  specifics,  and  have  been  found  equally 
valueless. 

BlBXIOORAPHT.  ^ 

DdU.  Jovm.  of  PliTi.,  nodv.,  p.  163. 
Dolt  and  I>izon.  Ibid.,  xzxix.,  p.  25. 
Stagger  and  Carr.     Tram.  Chem.  Soc.,  91,  p.  337. 

Barger  and  Dale.    Biochetoical  Jonm.,  ti.,  p.  210.    Arch.  1.  exp.  Patb.,  IzL,  p.  113. 
Walker.    Areb.  t.  pB;ehiatrie,  xxr.,  p.  3S3  (ergotinn). 
Ja/a^nartcer.    Ibid.,  zxxv.,  p.  109  (ergotism). 

Tha  older  Uterattire  of  ergot  is  well  given  in  Griinfeld,  Arb.  a.  d.  pbarmAkoL 
[nstitute  m  Dorpat.,  vii.,  p.  108;  zil.,  p.  295. 

UsUlago  Uaydls  (U.  S.  P.),  or  com  smut,  a  fungus  growing  on  maize,  is 
entirely  different  from  ei^t,  and,  a4»tording  to  Kobert,  is  quite  inert.  It  has 
been  used  as  a  Bubstitate  for  et^^t,  on  the  supposition  that  it  would  resffinble 
it  ia  action  as  well  as  in  origin,  but  has  proved  quite  inefCective. 

Cotton-root  Bark  (GossTpii  Cortex  (U.  8.  P.})  has  been  used  by  the 
Southern  negroes  to  produce  abortion,  and  is  said  by  some  gynecologists  to 
resemble  ergot  in  action  on  the  uterus.  It  has  little  or  no  effect  on  animals, 
except  in  enonnons  doses,  and  is  generally  stated  by  those  who  have  tested  it 
to  be  entirely  devoid  of  action  in  man. 

/    TTT     THE  NITBITES. 

The  nitrit«8  would  naturally  fall  among  the  inorganic  salts,  but  they 
act  chiefly  upon  the  circulation,  so  that  it  is  convenient  to  discuss 
them  here. 

Those  which  have  been  examined  more  carefully  are  the  Nitrite  of 
Sodiiifn  and  the  Nitrous  Esters  of  the  methane  series,  especially  the 
Nitrite  of  Atnyl,  which  is  largely  used  in  therapeutics.  In  these  com- 
pounds the  radicle  — NO  is  attached  to  the  metal  or  alkyl  through 
an  atom  of  oxygen,  the  formulte  being  E — O — NO,  CH, — 0 — NO, 
OgH,— O— NO,  CbHh— O— NO,  etc.,  and  the  chief  constituent  is 
the  O — NO,  the  metal  or  radicle  being  of  less  importance.  A  closely 
allied  series  of  bodies  are  the  nitrates,  in  which  the  nitrogen  has  five 
affinities  and  is  connected  again  to  the  metal  or  radicle  by  oxygen, 
K— O— NOj,  OHg— O— NOj,  CbHjj— O— NOj,  etc.  The  metallic 
nitrates  differ  entirely  from  the  nitrites  in  their  effects  and  will  be 
discussed  along  with  the  other  inorganic  salts.  Some  of  the  Nitric 
Esters,  however,  undergo  a  reduction  when  brought  into  contact  with 
organic  matter,  and  nitrites  are  thus  formed,  so  that  these  bodies  have 
effects  very  similar  to  those  of  the  true  nitrites,  and  have  to  he  dis- 
cussed along  with  them.  The  best  known  of  such  nitrates  is  the 
so-called  Nitroglycerin,  which  is  really  the  trinitrate  of  glycerin, 
(0HiCONOj)CH(ONO2)CHa(ONO2)),  and  is  broken  up  by  alka- 
lies into  a  mixture  of  nitrates  and  nitrites.     The  nitrates  have  prac- 
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tically  no  action  in  the  small  quantities  gives,  so  that  almost  all  the 
effects  of  nitroglycerin  are  due  to  the  nitrite  formed.  Man;  other 
organic  nitrates  also  form  nitrites  in  the  tisenes,  bat  none  of  them 
vith  such  rapidity  as  nitroglycerin. 

Two  which  have  been  used  to  some  ertent  in  the  last  few  years  are  solids 
— Erythrol  Tetran^rate  and  Marmitol  Hexanitrate.  They  act  much  more 
slowly  and  for  a  longer  time  than  nitroglycerin. 

Another  series  of  bodies  which  ma;  be  mentioned  as  occasionally  acting 
like  nitrites,  although  more  feebly,  are  the  nitro-bodies.  In  these  the  nitro- 
gen is  attached  to  the  alkyl  directly,  and  not  through  the  intervention  of  an 
oxygen  atom.  Examples  of  these  are  Nitromethane,  H,C — NO,,  and  Nitro- 
ethane,  OH, — CH, — NO,.  Their  action  is  bo  feeble  as  to  preclude  their  ose  in 
therapeutics,  and  seems  due  to  the  — NO,  being  split  off  in  the  tissues. 

The  best  known  member  of  the  group  is  Aayl  Kitrite^  and  its  action 
will  first  be  described,  while  the  points  in  which  the  effects  of  the 
other  members  diverge  from  it  will  be  discassed  later. 

The  characteristic  results  of  the  absorption  of  amyl  nitrite  are  dila- 
tation of  the  veaaela  and  the  formation  of  methsemoglobin. 

8yDiptotits.^After  the  inhalation  of  a  few  drops  of  amyl  nitrite,  the 
face  becomes  duBhed,  and  the  patient  complains  of  a  feeling  of  fulness 
and  throbbing  in  the  head.     Some  headache  and  confusion  is  often 


e  In  the  rabbit  under  amfl  nItrEte.     From  A  to  B,  thi 

^.^/^■..-|..«.^..  -  .^.  «- -..     -.  B  the  Inhdlatlon  wM  begun  and  the  dlMuriiance  of  th» 

raapltatlon  la  reflected  In  tbe  blood-presanre  tracing.     ImmedlatGl;  afterwards  the  blood- 

B-enttre  begins  to  fall  and  continues  to  do  ao  eren  after  the  inhalation  ceaied  at  O. 
ote  that  tbe  rhrthm  and  atrengtb  of  the  palae  are  comparatlvelj  little  altered. 

present,  the  pulse  is  accelerated,  and  the  respiration  is  somewhat 
quicker  and  deeper.  The  flush  is  often  confined  to  the  face  and  neck, 
but  sometimes  spreads  over  the  whole  trunk,  and  passes  off  in  a  few 
minutes,  unless  the  inhalation  is  continued.  If  large  quantities  of 
the  drug  be  inhaled  at  once,  however,  or  if  the  inhalation  be  continued 
for  some  time,  a  feeling  of  giddiness,  weakneBS  and  eventually  stupor 
follow,  the  pulse  becomes  slow,  while  the  respiration  still  remains 
accelerated,  but  is  shallower  and  often  somewhat  irregular;  convul- 
sive movements  may  occur,  but  in  general  lai^  quantities  may  be 
taken  without  actual  danger  in  the  human  subject.  The  blood  is  said 
to  have  assumed  a  dark  color  in  some  cases,  but  this  seems  to  be  rare. 
Action:  Circulation. — In  experiments  on  animals,  the  flushing  and 
dilatation  of  the  arterioles  of  the  head  is  found  to  be  accompanied 
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and  followed  by  a  profoaod  fall  in  the  blood-pressure.  The  heart  iB 
accelerated  at  ^e  same  time,  and  seems  not  to  be  responsible  for  the 
change.  The  cause,  as  has  been  repeatedly  demonstrated,  is  the  dila- 
tation of  the  peripheral  veesela,  both  arterioles  and  veins  widening 
very  considerably  under  the  influence  of  the  drug;  the  vesaels  of  the 
abdominal  organs  and  the  head  are  more  affected  than  those  of  the 
extremities.  This  widening  of  the  vessels  might  be  produced  either 
by  depression  of  the  vaso-constrictor  centre,  or  by  direct  action  on 
the  arterioles,  but  stimulation  of  a  constrictor  nerve  such  as  the 
splanchnic  still  produces  some  rise  in  the  blood-pressure,  so  that  the 
nerve  terminations  seem  to  be  intact,  and  the  seat  of  action  of  amyl 
nitrite  is  therefore  held  to  be  the  nnstriated  muscle  of  the  arteries  and 
veins.  No  satisfactory  explanation  has  been  offered  for  the  fact  that 
in  the  skin  only  the  vessels  of  the  head  and  neck  should  be  dilated, 
but  other  facts  seem  to  indicate  that  these  vessels  occupy  an  excep- 
tional position  as  regards  their  innervation  and  their  reactions  to 
drugs.  Darwin  was  the  first  to  point  out  that  the  blush  of  amyl 
nitrite  corresponds  in  extent  with  the  blush  produced  by  emotion. 
This  blush  effect  seems  due  to  the  amyl  in  part,  for  other  amyl  esters 
induce  it,  though  none  to  the  same  extent  as  the  nitrite.  The  direct 
action  on  the  vessel  walls  may  be  easily  shown  by  passing  blood  into 
the  artery  of  the  amputated  extremity  of  an  animal,  and  measuring 
the  amount  coming  from  the  vein.  If  a  few  drops  of  amyl  nitrite 
be  added  to  the  perfused  blood,  the  outflow  from  the  vein  is  greatly 
increased,  although  here  no  nervous  mechanism  can  be  concerned. 

The  acceleration  of  the  pulse  is  more  marked  in  man  and  the  dog 
than  in  other  animals,  and  seems  due  to  a  depression  of  the  inhibitory 
centre  in  the  medulla  oblongata,  though  several  authors  consider  that 
a  feeble,  direct  action  on  the  heart  is  also  present.  The  coronary 
arteries  of  the  heart  are  dilated  along  with  those  of  other  parts  of 
the  body. 

Large  quantities  of  amyl  nitrite  slow  and  weaken  the  contractions 
of  the  heart,  owing  to  a  direct  depressing  action  on  the  muscle.  In 
the  fn^,  the  heart  is  usually  slowed  from  the  beginning  of  the 
application. 

The  Bespintios  is  generally  accelerated,  and  at  the  same  time  ren- 
dered deeper  by  amy]  nitrite.  Not  infrequently  the  breath  is  held  at 
first,  owing  to  a  reflex  from  the  nasal  mucous  membrane,  but  this  is 
not  so  marked  as  in  the  inhalation  of  more  irritant  vapors,  such  as 
chloroform  or  ether.  The  acceleration  may  be  the  result  of  the  fall 
in  pressure  lessening  the  supply  of  blood  to  the  brain.  After  long 
inhalation  the  respiration  becomes  slower  and  shallower  and  in  ani- 
mals death  occurs  from  asphyxia.  The  walls  of  the  pulmonary  ves- 
sels are  scarcely  affected  by  the  nitrites  directly. 

The  Eidnesra  are  not  much  affected  by  this  series;  occasionally  a 
slight  increase  in  the  urine  is  observed,  at  other  times  a  decrease,  and 
after  large  quantities  anuria  may  occur.  The  changes  are  evidently 
due  to  the  changes  in  the  calibre  of  the  renal  vessels.     A  small  quan- 
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tity  may  widen  them  when  they  are  too  contracted  to  allow  of  the 
maximal  secretion,  while  on  the  other  hand,  if  the  normal  calibre  is 
the  optimal,  a  nitrite  may  lessen  the  secretion  by  lowering  the  general 
blood-pressure.  When  large  quantities  lower  the  preaaure,  they  inevi- 
tably lead  to  a  lessened  secretion  or  anuria. 

_     _  Small  quantities  of  amyl  nitrite  seem  to 

have  no  action  whatsoever  on  the  higher 
parts  of  the  Central  Nerroiui  Byvtem.  The 
throbbing  in  the  head  and  slight  confusion 
are  evidently  due  to  the  fall  in  general 
blood-pressure.  The  sight  is  curiously 
affected  in  some  people,  for  when  a  daA 
object  on  a  white  ba^ground  is  looked  at, 
it  seems  surrounded  by  a  yellow  ring  and 
that  again  by  a  blue  one.  In  the  beginning 
the  medullary  centres  may  be  acted  cm  re- 
flexly  from  irritation  of  the  nasal  sensory 
terminations;  the  respiration  is  inhibited, 
while  the  blood-pressure  may  rise  and  the 
heart  be  slowed  from  reilex  action  on  the 
inhibitory  and  vaso-constrictor  centres  re- 
spectively. Afterwards,  the  centres  may  be 
affected  by  the  fall  in  blood-pressure  giviag 
rise  to  ansemia  of  the  brain,  and  by  the 
changes  in  the  blood  leading  to  asphyxia. 
The  spinal  cord  is  not  acted  on  in  mammals, 
but  is  depressed  in  the  fn^. 

After  lai^  quantities  convulsions  are 
often  observed ;  these  seem  to  be  of  cerebral 
origin,  and  are  probably  due  to  the  circulatory  changes  and  the  forma- 
tion of  methsemoglobin. 

The  Peripheral  Kerves  and  the  Unacles  are  unaffected  by  the  inhala- 
tion of  amyl  nitrite,  but  when  the  frog's  muscles  are  exposed  to  the 
direct  action  of  the  vapor,  they  undergo  a  slow  passive  shortening  and 
rigor,  and  on  periodical  stimulation  the  contractions  become  rapidly 
weaker,  until  finally  no  response  is  made  to  the  electric  shock.  In- 
voluntary muscle  is  more  easily  affected  than  striated  fibres,  as  has 
been  shown  by  the  behavior  of  the  intestine  and  ureters,  but  even 
these  seem  less  readily  paralyzed  than  the  muscle  of  the  vessel  walls, 
the  depression  and  paralysis  of  which  lead  to  the  fall  in  the  arterial 
tension,  as  baa  been  already  stated.  The  nerve  terminations  seem  to 
be  unaffected  even  by  very  large  quantities,  so  that  as  long  as  a  con- 
traction of  the  muscles  can  be  elicited  by  direct  stimulation,  it  follows 
also  on  stimulation  of  the  motor  nerve,  and  the  vagus  terminations  in 
the  heart  can  transmit  impulses  as  long  as  the  heart  continues  to  beat. 
The  Temperature  is  somewhat  lowered  by  the  nitrite  series,  owing  to 
the  dilatation  of  the  skin  vessels,  but  this  fall  is  very  insignificant. 


Bloud-pnuura  under  amyl 
Dttrlte  uken  od  b  -rerr  air— 
drum    Id    order   to   demi 
■tmte    the    recover*.      T 
wbole  tridng  occupied  aoi 
Ux  minutea.    Tbe  npld  (l 
o(   presBure   U   followed  b; 
•D  Btmoet  equal];  rapid  re- 
turn  to   normal.     (Cash   i 
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Amyl  nitrite  causes  the  Blood  to  assume  &  dark  chocolate  color, 
both  in  the  body  and  in  the  test-tube.  The  color  is  due,  not  to  any 
compound  formed  by  the  nitrites,  but  to  their  changing  the  heemo- 
globin  to  methEem<^1obin  and  nitric-oxide-hiemoglobin  compounds  in 
which  the  oxygen  is  attached  much  more  firmly  than  in  oxyhiemo- 
globin,  and  which  differ  from  it  in  the  absorption  bands  seen  in  the 
spectrum.  This  change  in  the  heemi^lobin  does  not  entail  the  destruc- 
tion of  the  red  corpuscles,  and  the  compounds  are  eventually  reduced 
by  the  tissues,  although  the  reduction  pri^esses  much  more  slowly 
than  that  of  ordinary  o^heemoglobin.  In  man,  usually  very  little  of 
the  haemoglobin  is  thus  transformed,  and  even  after  large  quantities 
have  been  inhaled  no  abnormal  coloration  of  the  blood  is  notioeable, 
but  it  has  been  demonstrated  recently  that  the  alteration  of  the  haemo- 
globin is  the  cause  of  death  in  some  animals,  through  the  blood  becom- 
ing incapable  of  carrying  oxygen  to  the  tissues.  If,  however,  asphyxia 
be  prevented  by  the  inhalation  of  o^^gen  under  pressure,  the  tissues 
themselves  are  eventually  acted  on.  The  formation  of  methsemo- 
globin  does  not  seem  to  bear  any  relation  to  the  action  of  the  nitrites 
on  the  vessel  walls. 

Excretion. — ^After  absorption  into  the  blood,  amyl  nitrite  seems  to 
break  up  with  the  formation  of  nitrites  of  the  alkalies.  These  undergo 
partial  oxidation  and  appear  in  the  urine  in  the  form  of  nitrates  and 
nitrites,  but  the  quantity  of  these  excreted  is  never  equal  to  the  nitrite 
absorbed^  so  that  it  seems  probable  that  some  part  undergoes  still 
further  change  and  appears  as  one  of  the  normal  excretions.  The 
amyl  disappears,  and  is  probably  oxidized  completely,  although  some 
may  appear  in  the  breath. 

Nitrite  of  amyl  given  by  the  stomach  is  very  much  less  active  than 
when  inhaled,  as  the  nitrous  acid  is  freed  by  the  gastric  juice  and 
immediately  decomposed.  When  injected  subcutaneously  it  acts  much 
more  slowly  and  weakly  than  when  absorbed  by  the  lungs,  and  gen- 
erally gives  rise  to  glycosuria  and  slight  diuresis.  No  satisfactory 
explanation  of  this  fact  has  been  given,  but  it  is  possible  that  the 
formation  of  methsemoglobin  may  cause  partial  asphyxiation  of  the 
tissues,  and  thus  cause  the  formation  of  excess  of  lactic  acid  and 
glycosuria. 

The  pharmacopoeial  amyl  nitrite,  with  which  most  of  the  experi- 
ments have  been  performed  on  which  the  above  description  is  based, 
is  not  a  pure  suletance,  but  consists  of  the  nitrites  of  two  different 
amyls — o-amyl  and  /3-amyl — along  with  isobutjl,  ethyl  and  propyl 
nitrites.  A  number  of  the  piire  nitrites  have  been  examined  by  Cash 
and  Dunstan,  who  find  that  in  general  features  they  resemble  each 
other  closely.  The  more  unstable  the  compound,  the  more  rapidly 
does  the  fall  in  blood-pressure  occur,  while  the  less  easily  decomposed 
compounds  are  somewhat  slower  in  their  action,  but  cause  depression 
of  the  blood-pressure  for  a  much  longer  time.  The  acceleration  of 
(ie  heart  and  the  extent  of  the  rigor  produced  in  the  frog's  muscle 
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— ^ — "^        depend  also  on  theVapidity  of  the  disintegratioj  of  the  ditrite  com- 
poand,  and  therefore  are  parallel  to  the  fall  in  the  blood-pressnre. 

The  Nitrites  of  Fotaaainiii  and  Sodinm  act  very  similarly  to  those  of 
the  alkjls.  They  seem  to  have  a  more  powerful  action  on  muscular 
tissue,  however,  at  any  rate  in  the  frog,  for  the  muscles  are  paralyzed 
before  the  spinal  cord,  while  after  amyl  nitrate  the  reverse  is  the  case. 
They  are  administered  by  the  stomach,  and  therefore  act  more  slowly 
than  amyl  nitrite,  but  their  effects  last  much  longer.  The  gastric 
juice  liberates  part  of  the  nitrous  acid  before  absorption  can  occur, 
and  it  is  immediately  decomposed  and  often  causes  some  eructation 
and  may  also  give  rise  to  irritation  of  the  gastro-intestinal  mucous 
membrane.     The  nitrite  absorbed  is  excreted  as  nitrate  in  the  urine, 


Dlapram  to  llliutrate  the  Intetutt;  nnd  duration  of  tbe  action  of  tba  membeR  of 
the  nitrite  aetiea.  Tbe  extent  of  the  fait  of  pressure  la  meaaured  along  tbe  vertical. 
the  duration  along  the  horlEcmtil  line.  A,  am;!  nitrite,  etbjl  nitrite,  etc. ;  B,  nltro- 
eljcerln ;  C,  aodlnm  nitrite ;  D.  erythrol  tetraoltrate.  The  greatest  reduction  occars  In 
A,  but  It  paaaea  off  for  the  most  pact  In  6  mlnotes  and  entirely  In  SO.  Nltraglrcerln 
acta  more  rapldlj  than  tbe  last  two,  and  Its  effects  continue  almost  aa  long  as  those  of 
sodium  nitrite.  BcTtbrol  tetranltrate  only  ezerti  Ita  fall  effect  after  tbe  actico  of  th« 
others  hu  passed  off.     (After  Bbadbobt.) 

although  some  of  it  may  remain  unoxidized.  The  metallic  nitrites 
do  not  as  a  rule  cause  bo  much  headache  and  flushing  of  the  face  and 
neck  as  the  alkyl  compounds. 

NttroflyGerin  produces  the  same  eflects  as  the  other  members  of 
this  series,  but  acts  nsuch  more  powerfully  than  either  the  metallic  or 
aliyl  nitrites.  It  presents  some  minor  points  of  dififerenee,  as  in 
causing  more  severe  headache  in  man.  It  is  not  decomposed  in  the 
\  stomach,  but  on  reaching  the  blood  at  once  breaks  up  into  glycerin, 
nitrites  and  nitrates,  in  the  proportion  of  two  parts  of  the  former 
salt  to  one  of  the  latter.  Its  action  commences  very  soon  after  its 
administration,  and  lasts  much  longer  than  that  of  amyl  nitrite. 
The  explanation  of  its  greater  activity  may  be  that  it  is  absorbed 
unchanged,  but  is  then  broken  up  at  once,  while  the  metallic  nitrites 
are  decomposed  in  the  stomach  and  much  of  the  nitrous  acid  is  lost. 
Nitroglycerin  is  not  wholly  broken  up  in  the  human  body,  however, 
for  it  has  been  found  in  the  urine,  and  the  headache  which  so  fre- 
quently follows  its  administration  in  man  has  been  ascribed  to  the 
undecomposed  molecule,  and  not  to  the  nitrite  constituent.  It  is  gen- 
erally supposed  to  be  extremely  poisonous,  and  is  prescribed  in 
exceedingly  minute  doses,  but  it  has  been  shown  that  while  very  small 
quantities  are  sufficient  to  produce  therapeutic  effects  in  man,  the 
toxic  dose  is  enormous  in  animals. 
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Several  other  organic  nitratea  have  also  been  found  to  reduce  the 
blood-presBure,  and  to  cause  the  formation  of  roethremoglobin,  but 
their  decomposition  proceeds  much  more  slowly  than  that  of  nitro- 
gljcerinand  they  have  not  been  much  used  in  therapeutics.  Erjthrol 
tetranitrate  and  mannitol  hexanitrate  act  more  slowly,  and  the  fall  of 
prewure  is  more  gradual,  and  lasts  longer  than  under  any  others  of 
the  series, 

Pbefaka.tiohb. 
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,   _  strong,  fruity  odor,  solnble  in  alcohol  and  ether  but  rapidly 

decomposed  by  water.     2-5  drops  are  poured  on  a  handkerchief  and  inhaled.  I-^*! 
A  convenient  preparation  ia  the  amyl  nitrite  "  pearb,"  which  are  thin  glass  ' 

capsules,  each  contaiuiog  a  dose  of  the  remedy,  and  one  of  which  is  broken  in 
the  handkerchief  when  necessary.  Amyl  nitrite  is  liable  to  decompose  when 
kept  long,  and  ought  to  be  used  only  when  recently  prepared. 

SpIRITDB  GLTCTBYlia  NlTBATia   (U.  S.  P.),  LlQDOR  TBIKirRINI   (B.  P.),  iS  , 

a  1  p5T^t^MSoEe  solution  of  nitroglycerin.    0.03-0.2  c.c.  (J-4  mins.).         ■  O-*^' 

'ijiSKUiJBTSs^^i  (H.  P.),'ornitrogiycerm  tablets,  are  formed  of  choco- 
late  and  contain  eacb  -[ire  f^-  of  nitroglycerin.     1-2  tablets.  ,„,  *  ** 

Liquor  Ethyl  Nitritia  (B.  P.),  a  solution  in  alcohol  and  glycerin  of  ethyl 
nitrite  (2^-3  per  cent.),  forming  a  limpid  liquid  of  apple-like  odor  and  taate. 
20-60  mins. 

godii  Nitris  (V.  S.  P.,  B.  P.)  (NaKO,),  0.05-0.1  G.  (1-2  grs.).    It  may  be     ^  Oi  -, 
preflBH&fed  in' tableta  or  in  solntim. 

SpTRiTna  |'|7'*™^T1VTnonT  (TT  S.  P^  B.  P.)i  sweet  spirits  of  nitrs,  con- 
tains  only  traces  of  ethyl  nitrite,  along  with  ether  and  aldehyde  in  alcoholic 
solution.    When  freshly  prepared  it  acts  like  the  other  nitrites,  but  when  .  ^  , 

prescribed   along  with  water,   as  is  aaoally  the   case,   the   nitrite   escapes  " 

rapidly,  and  it  has  litle  effect  except  from  the  ether  and  alcohol.  1-6  c.c. 
(20-90  mins.). 

NonoiaclaL 

RriffhrnZ  JAtranitrf^A  f  nH-OKOJ  fTHONO^I  ,rH-ONOJ  is  a  solid,  and  is 
recommended  in  doses  of  0.05  G.  (1  gr.),  in  pilU,  tablets  or  alcoholic  solution.    ,  *  ^ 
Like  nitroglycerin,  it  is  a  dangerous  explosive,  and  one  fatality  has  already 
ocenrred  in  forming  it  into  pharmaceutical  preparations. 

Therapeutic  Uses. — The  nitritea  were  introduced  into  therapeutics 
by  Brunton,  who  advised  their  use  in  angina  pectoris  to  relieve  spasm 
of  the  arteries.  Some  queetion  has  arisen  as  to  whether  angina 
pectoris  is  generally  accompanied  by  high  arterial  tension,  and  amyl 
nitrite  often  gives  relief  in  cases  in  which  the  blood-pressure  does  not 
seem  abnormal,  so  that  the  mechanism  of  its  action  is  not  completely 
determined.  For  rapid  transient  effects  nitrite  of  amyl  seems  specially 
indicated,  while  nitroglycerin  and  nitrite  of  sodium  are  more  suited 
to  produce  a  depression  of  some  duration.  Thus  during  the  attack 
of  angina  pectoris,  amyl  nitrite  ia  often  found  to  give  instant  relief, 
but  if  nitrite  of  soda  is  administered  every  4^6  hours,  no  attack  may 
occur.  The  disadvantage  of  the  metallic  nitrites  is  the  frequent  eruc- 
tation they  produce,  while  nitroglycerin  often  causes  severe  headache, 
which,  however,  disappears  in  some  cases  after  repeated  use- 
Besides  in  angina  pectoris  the  nitrite  series  may  be  used  in  any  con- 
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dition  in  wliicb  it  Is  suppose  j  that  the  arterial  tension  may  be  l(Arered^ 
-with  benefit  to  the  economj.  Thus  nitroglycerin  has  been  advised 
in  heart  disease  and  has  accordingly  been  placed  by  some  among  the 
heterogeneous  group  of  "Cardiac  tonics  or  etimulants."  Its  bene- 
ficial effects  are  not  due  to  any  direct  action  on  the  heart,  but  to  its 
decreasing  the  resistance  against  which  the  systole  is  performed.  In 
this  way  the  contraction  of  the  ventricle  is  rendered  more  complete, 
and  the  output  of  the  heart  may  be  increased.  In  weak  hearts  strug- 
gling against  a  high  aortic  resistance,  this  relief  may  be  followed  by 
marked  benefit,  and  for  this  reason  nitrite  preparations  (nitroglycerin) 
are  often  prescribed  in  chronic  Bright's  disease.  Digitalis  causes  a 
contraction  of  the  peripheral  arterioles  along  with  its  proper  cardiac 
action,  and  the  addition  of  nitrite  may  be  advisable  in  some  cases  in 
order  to  neutralize  this  peripheral  action.  In  these  cases  the  nitrite 
of  soda  or  nitroglycerin  ia  of  course  preferable  to  amyl  nitrite,  whose 
action  is  too  transient.  Amyl  nitrite  has  been  advised  in  accidenta 
during  chloroform  ansesthesia  on  the  theory  that  it  would  benefit  the 
circulation ;  but,  as  a  matter  of  fact,  it  would  appear  strongly  contra- 
indicated  in  these  cases,  in  which  it  is  true  that  the  heart  is  e^remely 
depressed,  but  in  which  the  arterial  tension  is  practically  zero.  Its 
use  is  especially  irrational  if,  as  has  been  su^ested,  the  failore  of 
the  respiration  is  partly  due  to  ansemia  of  the  central  nervous  system. 
The  eases  in  which  recovery  has  occurred  after  this  measure  may,  in 
fact,  be  said  to  have  recovered,  not  owing  to,  but  in  spite  of  the  use 
of  amyl  nitrite, 

Amyl  nitrite  has  been  suggested  in  internal  hemorrhage,  on  the 
view  Uiat  by  redoeing  the  pressure  in  the  interior  of  the  vessels  it 
would  permit  a  clot  to  form  at  the  point  of  injury.  On  the  other 
hand,  tlie  dilatation  of  the  abdominal  vessels  may  lead  to  aniemia  of 
the  brain  and  syncope,  and  this  has  prevented  tl^  use  of  the  drug  in 
practice,  except  in  unusual  conditions. 

In  very  advanced  degeneration  of  the  cardiac  muscle  fibre,  the 
administration  of  amyl  nitrite  is  distinctly  contraindicated,  for  the 
blood-pressure  is  low  and  any  further  reduction  may  lead  to  syncope 
from  anemia  of  the  brain,  and  to  still  greater  weakness  of  the  heart 
from  the  low  pressure  in  the  coronary  arteries  lessening  its  nutrition. 

Nitrite  of  amyl  has  been  used  largely  in  asthma  and  in  cardiac 
dyspncea.  Its  action  is  often  beneficial  and  has  been  attributed  to  its 
depressing  the  bronchial  muscles,  which  are  supposed  to  be  in  a  con- 
dition of  spasmodic  contraction  in  asthma.  In  the  cardiac  cases  its 
action  in  removing  the  dyspncea  may  be  due  to  its  lowering  the  pres- 
sure in  the  systemic  arteries  and  thus  relieving  the  heart. 

In  some  cases  of  headache,  nitrite  of  amyl  is  of  marked  benefit, 
while  in  others  it  aggravates  the  condition.  This  is  perfectly  intelli- 
gible, as  some  forms  of  headache  may  be  due  to  cerebral  congestion 
and  peripheral  constriction,  while  others  arise  from  ansemia  of  the 
brain. 
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From  spasm  of  the  circitlatory  oi^ans,  the  ase  of  nitrite  of  smyl  has  been 
ertended  to  other  forma  of  apasmodic  aeizures,  each  as  epilepsy.  It  seems  to 
be  of  little  or  no  valne,  as  indeed  might  be  expected  from  its  pharmacological 
aetion.    In  some  cases  it  even  seems  to  increase  the  tendency  to  convulsions. 

Sweet  spirits  of  nitre  has  long  enjoyed  a  popnlar  reputation  as  a  dia- 
phoretic and  dinrfltic.  It  seems  to  have  little  action  either  on  the  kidneys  or 
the  sweat  glands,  and  might  be  discarded  from  the  pharmacopceia  withoat 
loss.  It  18  of  more  value  as  a  carminative  and  flavor  than  for  any  other 
pnrpose. 
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XX.     TEE  DiaZTAIJS  SEKIES. 

The  digitaliB  aeries  embraces  a  considerable  number  of  subBtances 
which  are  characterized  by  their  action  on  the  heart.  Thej  are  widely 
diBtrihnted  in  the  vegetable  kingdom  in  very  different  botanical  fam- 
ilies, and  have  long  been  in  use  for  various  purpoees  in  civilized  and 
uncivilized  countries.  Some  of  them  were  employed  as  remedies  by 
the  laity  long  before  their  virtues  were  recognized  by  the  medical 
profession,  while  others  have  been  used  as  arrow  poisons  by  the  natives 
of  different  parts  of  Africa  and  of  the  Eastern  Archipelago. 

■  The  most  important  plants  which  contain  bodies  belonging  to  this 
group  are  Digitalis  purpurea  (purple  foxglove),  Stropkanihus  hia- 
pidua,  or  Komhe,  and  ScUla  mariHma  (squills).  Others  which  are 
less  frequently  used  are  Helhhorua  niger^  (Christmas  rose),  Convalr 
laria  majalis  (lily  of  the  valley),  Apocynum  catmabinum  (Canadian 
hemp),  and  Adonis  vemalts  (pheasant's  eye).  Similar  effects  are 
obtained  from  bodies  contained  in  other  species  of  these  genera  and 
in  a  large  and  ever-growing  list  of  other  plants,  such  as  Ardiaria 
(Upas  tree),  Nerium  (oleander),  Acocanthera  (ouabaio),  Erylhro- 
phUmm  (sassy  bark  or  Casca  bark),  Theveiia,  Urechites  and  Coro- 
ntZTo.'  Numbers  of  other  plants  are  said  to  resemble  digitalis  in 
their  effects,  but  until  this  has  been  shown  by  more  careful  investi- 
gation, it  is  undesirable  to  add  them  to  the  above  list,  which  is  already 
extensive  enough.     Many  of  the  arrow  poisons  certainly  contain  digi- 

*  This  mncrt  not  be  confused  with  peen  and  white  hellebore  (see  page  391). 
■Cacttu  grandifloms  (Cereus),  which  has  been  recommencled  as  a  mbstitnte  for 
digitalis,  has  no  aimilar  action  snd  does  not  belong  to  this  series. 
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talin  bodies,  but  even  their  botanical  origin  is  unknown  in  many 
instances.  These  bodies  are  not,  ho-wever,  confined  to  the  vegetable 
kingdom,  for  Faust  has  recently  isolated  two  substances^  from  the 
skin  of  the  toad,  which  induce  the  same  changes  in  the  heart.  ^Ita 
of  barium  nl  HUT  Tif^]^pj^  rpanv  of  the  changes  characteristic  olthi&flenes. 
ibe  acTlTfi "principlesTl  the  plants  of  this  group  present  many 
points  of  resemblance,  and  some  of  them  which  are  now  believed  to  ' 

be  distinct  may  prove  to  be  identical.  Thgir  isolation  is  attended 
with  considerable  difficulty,  as  many  are  amorphous,  and  but  few  of 
them  form  combinations  with  the  ordinary  chemical  reagents.  Most 
of  them  are  glucosides,  others  are  indifferent  bodies,  and  one  or  two 
are  alkaloids.  There  are  often  found  in  a  plant  several  distinct 
bodies  belonging  to  this  series,  and  these  may  again  be  accompanied 
by  others  which  induce  the  same  symptoms  as  picrotoxin  or  saponin. 
Digitalis  has  been  more  carefully  examined  from  the  chemical  point 
of  view  than  the  other  plants,  but  even  its  active  principles  are  still 
only  partially  known,  and  the  subject  is  yet  in  an  unsatisfactory  state; 
for  the  amount  and  character  of  the  active  constituents  seem  to  vary 
not  only  in  different  seasons  and  in  plants  grown  in  different  soils,  but 
also  in  different  parts  of  the  same  plant.  The  chief  active  principles 
were  isolated  by  Schmiedeberg  in  1874  and  his  statements  have  more 
recently  been  confirmed  and  extended  by  Kiliani.  There  appear  to 
1  be  at  least  four  glucosides  in  digitalis  which  possess  the  characteristic 
I  cardiac  action — Digitoxin,  Digitophyllin,  DigitcUin  and  Digilalein — 
land  these  are  accompanied  by  one  or  more  glucosides  {Digitonin) 
l-which  have  the  irritant  action  of  saponin  and  like  it  suspend  insoluble 
'bodies  in  water.  The  pharmacopceial  preparations  are  made  from 
the  leaves,  in  which  digitoxin  and  digitophyllin  are  the  most  impoi^ 
tant  constituents,  though  a  small  quantity  of  another  glucoside  resem- 
bling digitalin  is  also  present.  These  glucosides  are  practically 
insoluble  in  water  when  pure,  but  are  taken  up  from  the  leaves  by 
water,  owing  to  the  presence  of  the  digitonins,  so  that  the  infusion 

)of  digitalis  leaves  ia  a  very  powerful  preparation.  The  active  gluco- 
sides are  more  soluble  in  alcohol,  while  digitonin  is  insoluble,  so  that 
the  tincture  contains  practically  the  same  constituents  as  the  infusion 
except  digitonin. 

The  seeds  of  digitalis  are  not  phartnacopoeial,  but  are  extensively 
used  for  the  preparation  of  the  so-called  digitalines  o£  commerce. 
They  contain  digitalin  and  digitalein  in  large  amounts  with  a  small 
percentage  of  digitoxin  and  a  larger  proportion  of  digitonins  than 
the  leaves.  Digitalin  is  less  insoluble  in  water  than  digitoxin  and 
digitalein  is  freely  soluble.  The  preparations  from  the  seeds  thus 
differ  entirely  from  the  Galenical  preparations  which  are  formed 
exclusively  from  the  leaves,  and  most  clinicians  find  them  leas  satis- 
factory in  practice.  Digitoxin  is  much  the  most  powerful  constit- 
uent, and  the  small  amount  in  which  it  is  present  in  the  digitalines 
'  Thete  u'a  named  Bufonin  and  Bufotalin  and  appear  to  be  nearly  related  to 
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prepared  from  the  seeds  probably  accounts  for  their  unsatisfactory 
effects  in  therapeutics. 

StrophMttjiaJinQlrf  contains  a  crystalline  glucoside,  strophanthin, 
while  otKervarieties  of  strophauthus,  such  as  S.  hispidus,  contain 
another  glucoside,  pseudo-strophanthin,  which  is  probably  nearly 
related  to  strophanthin,  but  is  about  twice  as  poisonous.  Other 
glucoeides — Ouabaini  Acocantherin  and  AcocaTithin — are  found  in 
StrophanthuE  glaber  and  gratus  and  in  Acocanthera ;  strophanthin  is 
methylouabain,  and  acocantherin,  dimethylouabain.  Ouabain  is  the 
"  crystalline  strophanthin  "  of  Thoms  and  is  about  twice  as  active  as 
strophanthin,  which  again  is  twice  as  toxic  as  acocaQtherin.  Some 
of  the  strophanthus  genus  contain  non-glucosidal  active  bodies.  The  I 
strophanthin  of  commerce  is  generally  derived  from  a  mixture  of  I 
different  species  and  varies  much  in  composition  and  toxicity.  ' 

Scilla  maritlma,  or  squills,  is  said  to  contain  Scillain,  a  glucoside, 
very  soluble  in  alcohol,  scarcely  ao  in  water,  but  this  requires  further 
investigation.  Several  other  active  constituents  have  been  described 
in  squills,  but  none  of  them  have  been  actually  isolated,  and  they  may 
be  merely  impure  forms  of  scillain.     Saponin  bodies  are  also  present. 

HeUebonu  nigei  contains  Helleborein,  a  glucoside,  which  is  very 
soluble  in  water,  and  resembles  digitalin  in  action,  and  Helleborin, 
which  is  insoluble  in  water  and  has  an  entirely  different  effect. 

Conva^marm  (obtained  from  Convallaria) ,  Adonidin  (Adonis),  OUan- 
A^'tt,  Neriin  and  Neriodorin  (Nerinm),  Euoaytnin  (Euonjmns),  Antiarin 
(Antiaris),  Thevetin  and  CerhefM  (ThevetU),  Cheirant\in  (Cheiranthus), 
CoTonillin  (Coronilla),  Tanghinin  (Tanghinia  venenifera),  are  glucosides, 
while  Cynotoxin  or  apocynamarin  (Apocj'num)  ia  indifferent  and  Erythro- 
phkeine  (Erythrophlceuin  guinense)  is  a  glucosidal  alkaloid. 

With  the  exception  of  the  last,  then,  the  members  of  this  series  which 
have  been  esamined  hitherto  are  either  glucosidea  or  indifferent  substances, 
containing  carbon,  hydrogen  and  oxygen,  but  no  nitrogen.  They  are  all 
liable  to  decompose  when  kept  long  in  watery  solutions,  and  eapecially  when 
heated  with  acids,  and  then  frequently  form  substances  which  no  longer 
possess  the  digitalin  action,  but  are  rather  to  be  classed  with  picrotoxin.  It 
will  be  shown  later  that  even  digitalin  and  its  congeners  have  this  picrotoxin 
action  to  a  greater  or  lesser  degree,  and  it  seems  probable,  therefore,  that  all 
of  them  are  derivatives  of  some  common  nucleus,  which  belongs  to  the  picro- 
toxin series,  but  which  in  combination  assumes  a  new  character  through  its 
action  on  the  heart  and  vessels. 

Erythrophlceine  and  a  more  reoently  isolated  alkaloid,  Muawine,  which 
resembles  it  in  most  respects,  split  off  a  molecule  of  sugar  when  they  are 
boiled  with  acids. 

Action. — The  digitalis  series  posseeees  a  local  and  a  general  action. 
The  Local  Effects  consist  in  primary  irritation,  followed  frequently 
by  paralysis  of  the  sensory  nerve  endings.  Thus  in  the  eye  a  smell 
quantity  of  a  solution,  or  a  minute  particle  of  the  dry  poison  causes 
ihe  most  intense  pain,  redness  and  congestion  of  the  conjunctiva  and 
all  the  symptoms  of  an  acute  inflammation.  On  the  tongue  the  hitter 
taste  is  followed  by  burning  pain  frequently,  and  if  the  powder  be 
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drawn  into  the  noetrih  and  larynx,  marked  swelling  of  the  mucous 
membrane,  sneezing,  coughing  and  hoaraenesa  are  produced  in  many 
persons.  Thej  have  little  action  on  the  skin,  although  here  too  smart- 
ing is  occasionally  produced ;  but  when  injected  subcutaneoualy  many 
of  them  cause  marked  inflammation,  which  not  infrequently  ends  in 
the  formation  of  abscesses,  evep  although  the  injection  has  been  abso- 
lutely aseptic.  The  same  irritant  action  is  produced  in  the  stomach 
by  several  of  them,  and,  in  fact,  by  aU  of  them  when  taken  in  very 
large  quantities  or  for  long  periods.  This  irritant  action  is  not 
equally  marked  throughout  the  series,  however,  for  digitoxin  is  much 
the  most  powerful  in  this  respect,  while  digitalin  may  be  injected 
subcutaneously  without  danger  and  without  pain.  Their  local  irri- 
tant action  explains  the  use  of  squills  as  an  emetic,  and  of  euonymus 
as  a  purgative.  The  local  anteBthetic  property  is  likewise  not  equally 
developed  in  all  the  members  of  the  series ;  several  of  them  (atrophan- 
thin,  ouabain,  erythropblceine)  have  been  suggested  as  local  anaes- 
thetics for  the  eye,  but  their  primary  irritant  effects  precludes  their 
use  for  this  purpose. 

After  absorption,  the  chief  symptoms  are  due  to  their  action  on  the 
central  nervous  system,  the  heart  and  the  vessels,  more  especially  on 
the  two  last.  The  action  on  the  0«ntral  Narrons  Systsm  is  frequently 
ignored  or  attributed  to  the  changes  in  the  heart  as  a  secondary  effect, 
but  there  is  undoubtedly  a  stimi^ation  of  some  of  the  nerve  centres, 
quite  independent  of  the  action  on  the  heart  and  vessels.  This  stimu- 
lation, like  that  of  picrotoxin,  seems  almost  entirely  limited  to  the 
medulla  oblongata  in  many  cases.  In  the  frog  the  excitability  of  the 
reflexes  is  often  lowered  by  members  of  this  series,  probably  because 
of  the  intense  stimulation  of  the  medulla  oblongata ;  but  sometimes  a 
distinctly  increased  irritability  is  observed.  These  alterations  are 
much  greater  than  those  caused  by  the  interruption  of  the  circulation, 
and  are  therefore  independent  of  the  action  on  tha  heart,  to  which 
they  have  been  erroneously  ascribed.  More  marked  symptoms  are 
produced  in  mammals,  however,  by  this  central  nervous  stimulation, 
for  in  these  vomiting  is  elicited  very  soon  after  the  injection  of  large 
quantities,  long  before  the  heart  is  very  seriously  affected,  and  this  is 
undoubtedly  due  to  action  on  the  medulla  oblongata.  To  the  same 
cause  is  to  be  attributed  the  rapid,  deep  respiratory  movements  and 
convulsions,  which  are  often  observed  in  the  later  stages  of  poisoning, 
and  which  are  evidently  not  due  to  cerebral  aneemia,  as  has  been  sup- 
posed, for  the  brain  at  this  stage  receives  quite  as  much  or  more  blood 
than  it  normally  does.  Even  small  quantities,  such  as  are  used  thera- 
peutically, cause  stimulation  of  certain  parts  of  the  central  nervous 
system,  for  the  activity  of  the  inhibitory  cardiac  centre  in  the  medulla 
is  the  main  cause  of  the  slowness  of  the  heart  which  is  seen  in  thera- 
peutics and  in  experiments  on  mammals. 

The  central  nervous  system,  then,  undergoes  distinct  stimulation 
under  digitalis.  This  stimulation  by  small  quantities  seems  limited 
to  the  inhibitory  cardiac  and  the  vaso-constrictor  centres  in  the  me- 
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duUa  obloDgata,  but  vhen  larger  doses  of  di^talis  and  its  allies  are 
injected,  other  parts  of  the  medullary  centres  bec<XDe  BtimuUted,  and 
vomiting,  increased  respiration  and  eventually  general  conTulsions 
may  be  produced. 

The  extent  to  which  the  members  of  this  series  act  as  stimulants  to 
the  nervous  centres  varies,  erythrophlceine  seeming  to  approach  more 
nearly  to  picrotojdn  than  the  others,  while  helleborein  is  among  the 
least  active,  but  as  yet  little  comparative  work  has  been  done  in  this 
direction. 

The  action  on  the  Heart  is  the  most  important  of  all,  and  is  what 
distingnishes  digitalis  and  its  allies  from  all  other  substances.  This 
action  has  been  studied  most  carefully  in  the  frog,  and  is  found  to  be 
due  to  an  alteration  in  the  cardiac  muscular  tissue.  On  exposing  the 
frog's  heart  and  watching  its  movemente  after  the  injection  of  digi- 
talis, the  muscular  action  can  generally  be  made  out  very  distinctly 
(Fig.  39),  The  heart  becomes  slower  in  rhythm,  and  contracts  to 
.  smaller  dimensions  in  systole,  while  it  does  not  dilate  so  fully  in  dias- 
tole. The  ventricle  is  therefore  whiter  during  systole  than  normally, 
while  during  diastole  it  does  not  seem  so  purple,  owing  to  its  contain- 
ing lesB  blood  at  each  period.  The  slowing  can  be  seen  to  be  due  to 
the  heart  remaining  contracted  longer  than  usual,  while  the  dilatation 
is  very  short  and  imperfect.  Later  the  apex  of  the  ventricle  ceases 
to  dilate  during  diastole,  and  remains  quite  etill  while  the  base  still 
dilates  after  each  auricular  systole.  Or  the  whole  ventricle  dilates 
only  once  for  every  two  contractions  of  the  auricle,  or  the  two  halves 
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TradDg  of  tb«  Dmrcment  of  the  frog'i  TeutrEcIe  nnder  digltalla.  Tbe  t«Ter  [ortni 
1  upward  Btroke  during  Hyttole.  A,  normal ;  B,  the  ayatole  !■  Bomewhat  more  com' 
lete  HDd  Is  Ter;  prolonged,  and  tbe  rbjtbm  ta  correspondlnglr  slow.  C,  the  Tentrtcle 
-jmatna  tn  Bntole  with  occbbIodbI  feeble  diastolic  moreinentB.  D,  the  dlaitolea  of  the 
heart  hav«  tunoat  entirely  ceased.     A',  dlaKr&m  of  the  heart  of  the  frog  In  Ita  normal 
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of  me  ventricle  may  contract  alternately  bo  that  the  blood  ia  thrown 
from  one  dde  to  the  other.  Meanwhile  the  duration  of  systole  be- 
comes still  more  prolonged,  and  the  extent  of  diastolic  dilatation  dimin- 
ishes until  the  ventricle  finally  ceaEes  to  relax,  remaining  in  a  posi- 
tion of  extreme  systole  with  its  cavity  obliterated.  The  auriclea  come 
to  a  standstill  also,  but  they  are  unable  to  empty  themselves  into  the 
contracted  ventricle  and  therefore  remain  distended  with  blood.  The 
typical  action  of  digitalis  on  the  muscle  of  the  frog's  heart,  then, 
I  consists  in  a  tendency  to  increased  and  prolonged  contraction,  and 
1  diminished  and  shortened  diastole. 

In  some  cases  certain  other  features  appear  in  the  frog's  heart,  for 
the  slow  rhythm  may  be  accompanied  by  a  less  perfect  systole,  and 
instead  of  the  heart  ceasing  in  systole,  it  may  come  to  a  temporary 
standstill  in  a  state  of  extreme  diastolic  dilatation.     This  is  due  to 
stimulation  of  the  vagus  centre  in  the  medulla,  and  must  be  carefully 
distinguished  from  the  action  on  the  cardiac  muscle.     Not  infre- 
quently the  two  forms  occur  in  combination,  or  the  symptoms  of 
inhibitory  action  precede  those  of  the  true  cardiac  change. 
1      The  amount  of  blood  expelled  by  the  heart  varies  according  to  the 
I  degree  to  which  each  of  these  factors  comes  into  play.    If  tie  dila- 
I  tation  in  diastole  is  unchanged  or  increased,  while  the  contraction 
I  is  greater  than  normal,  the  amount  of  blood  expelled  by  each  beat  is 
I  of  course  increased,  but  as  the  dilatation  becomes  less,  the  amount 
expelled  diminishes  until  it  reaches  zero.     Even  though  the  amount  of 
blood  expelled  by  each  beat  is  increased,  one  finds  not  infrequently 
that  the  total  output  per  minute  is  diminished  because  the  rhythm  is 
so  much  slower  than  usual. 

The  irritability  of  the  heart  muscle  is  also  found  to  be  considerably 
increased  by  digitalis.  Thus  if  the  ventricle  of  the  uupoisoned  frog's 
heart  be  excised,  and  salt  solution  be  led  through  it,  it  ceases  to  beat 
after  some  time.  If,  however,  a  small  quantity  of  digitalis  be  added 
to  the  salt  solution,  rhythmical  contractions  are  often  induced  and  the 
heart  eventually  passes  into  systolic  standstiH,  This  increased  irri- 
tability may  explain  a  temporary  acceleration  of  the  cardiac  rhythm, 
which  is  occasionally  seen  in  ito^  and  in  other  cold-blooded  animals. 
The  nature  of  the  action  on  the  cardiac  muscle  has  been  a  good  deal 
discussed.  Schmiedeberg  brought  forward  the  theory  that  it  was 
mainly  an  increase  in  the  elasticity  of  the  heart  muscle,  but  this  has 
been  disputed  by  Roy,  who  showed  that  it  was  not  sufficient  to  explain 
the  phenomena.  With  the  present  knowledge  of  the  molecular  changes 
1  which  occur  in  the  heart,  it  is  impossible  to  proceed  beyond  the  state- 
I  ment  that  the  muscle  tone  is  increased,  and  that  thereby  the  relaxation 
I  of  the  muscle  is  rendered  less  perfect  and  the  contraction  more  com- 
I  plete  and  prolonged.  The  inhibitory  action  of  the  vagus,  on  the 
contrary,  tends  to  render  the  tone  less  complete,  and  to  produce  lesa 
complete  contraction  and  more  complete  diastole.  The  direct  efFecta 
of  di^talis  on  the  cardiac  muscle  of  the  frog  are  therefore  diamet- 
rically opposed  to  those  of  inhibitory  activity. 
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The  hearts  of  Bome  invertebrates,  aueh  as  of  the  Bnail,  are  said  to 
undergo  changes  similar  to  those  described  in  the  frog's  heart,  while 
the  crustaceans  seems  to  be  entirely  unaffected  by  digitalis. 

The  action  on  the  frog's  heart  is  of  great  interest,  because  the 
changes  produced  by  this  series  on  the  mammalian  heart  partake 
largely  of  the  same  character.  The  inhibitory  and  the  muscular 
actions  are  again  opposed  to  each  other,  but  here  the  inhibitory  is 
almost  invariably  present  to  a  greater  or  less  degree.     The  action  of 
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TraclDKi  of  tb«  Tuitrlciiler  contractEonB  under  dIcltellB  In  eiperlmenU  on  two  dogs. 
y.  If',  normal  conlrBctloiiH.  D,  D'  contractloaa  under  dleltalla.  The  levers  move  up- 
ward! daring  Byitote.  Id  D  the  rbjthm  1b  slower  and  tbe  mavemeDta  extend  turtlier 
apwardi  and  downwards  tbaa  In  N,  1.  e.,  tbe  oontrnrtlons  are  more  complete  and  the 
dilatation  during  dlaatole  Is  greater.  In  D'  tbe  rb;tbm  Is  slower,  and  the  tracing 
extendi  further  upwards  than  In  V,  but  reaches  almost  the  same  point  below.  I,  e., 
tbe  contraction  Is  stronger,  but  the  dilatation  la  scarcely  cbaoged.  Contrast  the 
effect!  of  iDblbltlon  alone  In  Figs.  2S  and  SO   (pp.  291  and  SUS). 

digitalis  and  its  allies  on  the  mammalian  heart  may  be  divided  into 
three  stages,  of  which  the  first  and  third  are  always  developed  when 
sufficient  quantities  are  administered.  The  second  stage  may  be 
absent  in  certain  circumstances,  but  is  also  generally  present  in 
poisoning. 

In  the  first  or  therapeutic  stage  of  the  action  of  this  series,  the 
rhythm  of  tbe  heart  is  changed,  and  the  extent  of  contraction  and 
relaxation  of  the  ventricle  and  auricle  undergo  certain  modifications 
(Fig.  40).  The  rhythm  of  the  heart  is  distinctly  slower  than  before 
giving  the  drug,  for  the  inhibitory  apparatus  is  set  in  activity,  and 
the  slowing  is  accordingly  due  to  a  prolongation  of  the  pause  in  dias- 
tole. The  ventricles  contract  to  a  smaller  size,  that  is,  they  empty 
themselves  much  more  completely  than  they  normally  do.  It  is  now 
universally  recognized  that  the  normal  ventricle  does  not  empty  itself 
completely;  that  even  at  the  end  of  its  systole  there  still  remains  some 
blood  in  its  interior.  After  the  action  of  this  group  has  begun,  how- 
ever, the  blood  remaining  at  the  end  of  systole  is  much  less  than 
before.  This  increased  contraction  is,  like  that  in  the  frog's  heart, 
due  to  action  on  the  cardiac  muscle.  The  papillary  muscles  undergo 
the  same  changes  as  the  rest  of  the  ventricular  wall,  contracting  more 
strongly  and  more  completely  than  before  the  administration  of  the 
<^ng. 

The  relazation  of  the  ventricle  is  found  to  vary  in  different  condi- 
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tioDB.  If  the  heart  is  weak  and  dilated,  digitalis  and  its  alliee  tend 
to  lessen  this  dilatation,  that  is,  the  relaxation  of  the  ventricle  during 
diastole  is  less  than  before  the  administration  of  the  drug.  (See  Fig. 
41. )  If,  however,  the  heart  is  normal,  or  does  not  dilate  much  during 
diastole,  digitalis  increases  the  relaxation  (Fig.  40,  D).  The  varia- 
tion in  the  degree  of  dilatation  of  the  ventricle  depends  upon  the 
opposing  factors — the  inhibition  and  the  muscular  action.  If  the 
inhibition  be  the  stronger,  the  ventricle  relaxes  more  completely  than 
before,  for  vagus  stimulation 
^  "^      '        B  always  tends  to  increase  the 

relaxation  of  die  heart.  If, 
on  the  other  hand,  the  mus- 
cular action  predominates, 
the  relaxation  is  lessened,  for 
here,  as  in  the  frog's  heart, 
this  series  tends  to  lessen  the 
extent  of  relaxation.  In  the 
normal  heart  the  application 
of  one  of  this  series  causes, 
as  a  general  rule,  an  increase 
in  the  extent  of  relaxation. 

It  must  be  added  that  the 
inhibition  is  due  in  part  to 
stimulation  of  the  intra-car- 
diac  inhibitory  apparatus, 
but  mainly  to  the  stimulation 
of  the  vagus  centre  in  the 
medulla.  This  is  shown  by 
cutting  the  vagi  before  the 
injection,  for  the  slowing  is 
then  much  less  than  when  the 
vagi  are  intact,  or  may  be 
entirely  absent. 

If,  then,  the  ventricles  con- 
tain more  blood  at  the  begin- 
ning of  systole,  i.  e.,  are  more  relaxed  than  usual,  and  i£  the  quantity 
remaining  at  the  end  of  systole  is  less  than  normal,  the  heart  must  expel 
much  more  blood  at  each  ventricularcontraction  that  it  does  normally. 
(See  Fig.  42.)  Even  though  the  amount  of  blood  at  the  beginning 
of  systole  is  unchanged  or  slightly  diminished  (lessened  dilatation), 
as  occasionally  happens,  the  amount  expelled  is  increased  because  the 
ventricles  contract  more  completely.  If  the  number  of  beats  per 
minute  remained  the  same,  therefore,  the  amount  of  blood  expelled 
(or  the  output)  would  be  much  increased ;  but  the  rhythm  is  slower 
than  normal,  and  although  each  beat  propels  a  larger  amount  of  blood 
into  the  aorta  and  pulmonary  artery  than  normally,  it  is  not  impos- 
sible that  the  output  may  be  less  than  before  the  drug  was  admin- 
istered.    In  the  therapeutic  iise  of  these  drugs  the  slowing  is  not 


Tradagiot  tbe  moTemeDla  of  tb«  TSDlrlele 

Slower)  and  auricle  (upper)  under  dl£ltstli. 
urlQg  systole  tbe  levers  make  ao  □pstroke.' 
to  tills  experiment  the  Inhibitory  termlDBtloni 
had  been  paralyzed,  so  tbal  only  the  maacnlar 
action  1h  dereloped.  A,  normal ;  B,  after  digi- 
talis. The  rhythm  of  the  heart  Is  slightly  ac- 
celerated In  B,  and  the  levers  extend  further 
npwarda.  Indicating  a  more  perfect  systole  In 
both  auricle  and  ventricle.  The  ventricular 
lever  does  not  reach  so  far  downwards  In. it, 
I.  e.,  tbe  ventricular  diastole  is  less  complete. 
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great  enough  to  counterbalance  the  increaBed  output  per  beat,  and  a 
larger  amount  of  blood  is  therefore  driven  into  the  aorta  and  pul- 
monary artery. 

The  changes  in  the  ventricle,  then,  are  due  to  inhibitory  activity 
and  to  direct  cardiac  action,  the  first  tending  to  lessen  the  number  of 
beats,  to  increase  the  relaxation  of  the  fibres  and  to  weaken  the  systole, 
and  thus  to  diminish  the 

output    and    efficiency    of  ^''-  *2. 

the  heart ;  the  second  tend- 
ing to  strengthen  the  sys- 
tole and  thus  to  augment 
the  output,  while  also  lim- 
iting the  dilatation,  which 
may  increase  or'lessen  the 
efficiency  of  the  heart  ac- 
cording to  circumatances- 

In  the  auricles  the  same 
two  agencies  are  found  in 
opposition,  the  inhibitory 
stimulation  and  the  mus- 
cular actions.  Stimula-  .or 
tion     of     die     inhibitory 

nerves  causes  in  the  auricle  on  tiie'^ntpnt'"of~tte"TKitHde.'~i7  bJ  o.^tKrj* 
more  or  less  Increase  in 
the  dilatation,  while  It 
lessens  the  contraction 
considerably,  and  in  fact 
may  prevent  it  entirely. 
The  muscular  action  of 
this  series  is  the  same  here 
as  in  the  ventricle,  causing 
a  tendency  towards  more 
complete  systole  and  less 
complete  relaxation.  After  small  quantities,  such  as  are  used  in 
medicine,  the  rhythm  of  the  auricle  is  slow,  lite  that  of  the  ventricle, 
owing  to  the  inhibition ;  the  relaxation  is  little  changed,  but,  owing 
t«  the  muscular  action,  the  contraction  is  more  complete.  In  but 
slightly  larger  quantities,  however,  the  inhibitory  action  causes  a  less 
complete  contraction,  so  that  the  work  done  by  the  auricle  is  actually 
leas  than  before  the  injection. 

The  rhythm  of  the  different  parts  of  the  heart  is  exactly  the  same 
during  this  stage,  and  the  changes  seen  in  the  ri^t  auricle  and  ven- 
tricle correspond  to  those  in  the  left. 

Not  infrequently  a  previously  irregular  heart  becomes  more  regular 
under  the  influence  of  small  doses  of  digitalis,  and  this  has  generally 
been  regarded  as  the  result  of  the  inhibitory  action,  which  lessens  the 
irritability  of  the  heart  and  thus  reduces  the  tendency  to  premature 
contractions.     But  several  investigators  have  recently  shown  that  the 
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Diagram  to  llttutrat«  tli«  effect  of  dlgltalU 
on  tbe  ODtpnt  of  tbe  Tentrlcle.  A,  B,  O,  tbre* 
cjllndera  with  ptBtona  moTlng  ap  and  down  In 
tnem  and  drlTlns  out  llnld.  In  B  and  O  (dIgltaUs 
action),  tbe  platan  deicendi  laver  tbao  tn  A  (nor- 
mal) and  In  fi  It  can  elao  rlae  higber.  Tbe  out- 
put of  each  atroke  la  repreaented  br  the  abaded 
part  of  the  cjllnder  and  la  ereateat  In  B,  In  which 
more  fluid  Is  preaeut  at  tbe  bcglniilng  of  tbe  atrokt 
(diaatole)  and  lea  at  tbe  end  of  tbe  atroke  {■;■- 
rnlBi  Thnii  iQ  A.  It  la  alao  greater  In  O,  In  which 
amount  of  fluid  la  preaent  at  tbe  begin- 


0,  the  amount  of  fluid  pnmped  will  be  grent- 
___  In  B  and  leaat  In  A,  which  reproKnta  thai 
normal  ventricle. 
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BBme  regularizing  action  is  exercised  by  digitalie  in  the  excised  hearty 
when  there  couH  be  no  question  of  inhibition;  they  therefore  ascribe 
this  result  to  some  obscure  cbangee  induced  by  the  muscular  action  of 
this  series  (Gottlieb  and  Magnus,  Srandenburg) . 

If  larger  quantities  be  injected,  either  the  inhibitory  or  the  mus- 
cular action  may  become  markedly  increased,  and  the  appearance  of 
the  heart  varies  according  to  which  of  these  predominates.  It  must 
be  distinctly  understood  that  the  following  symptoms  betoken  a  grave 
condition  of  poisoning  and  are  not  met  with  in  the  therapeutic  use 
of  the  series. 

In  the  second  stage  the  symptoms  are  due  to  excessive  inhibitory 
activity,  while  the  direct  cardiac  action  is  less  developed.  The 
rhythm  of  the  ventricle,  and  consequently  of  the  pulse,  is  very  slow 
and  irregular,  as  is  always  the  case  when  the  inhibitory  apparatus  is 
strongly  stimulated  (see  Fig.  28,  p.  291).  During  diastole  the  ven- 
tricle dilates  more  completely  than  usual,  while  its  systole  varies  in 
strength.  If  the  muscular  action  is  well  developed,  it  continues  to 
empty  itself  more  completely  than  usual,  but  very  often  the  inhibition 
is  BO  powerful  that  the  muscular  action  is  entirely  concealed  and  the 
systole  is  weaker  and  more  blood  remains  at  the  end  of  the  contrae- 
tion  than  before  the  drug  was  administered.  As  a  general  rule,  how- 
ever, each  beat  expels  more  blood  than  normally,  because  the  heart  is 
engorged  before  the  systole  begins;  but  the  rhythm  is  so  slow  that 
the  output  per  minute  and  the  efficiency  of  the  heart  as  a  pump  is  leas 
than  usual.  This  is  the  feature  which  differentiates  the  first  from 
\  the  second  stage,  in  which  the  same  factors  are  present;  in  the  first 
I  stage  the  efficiency  of  the  heart,  t.  e.,  the  amount  of  blood  expelled  per 
I  minute,  is  greater,  in  the  second  stage  less  than  before  the  adminis- 
I  tration  of  the  drug. 

Not  infrequently  the  auricle  and  ventricle  beat  in  different  rhythms, 
the  ventricle  developing  a  spontaneous  rhythm  which  may  be  either 
faster  or  slower  than  that  of  the  auricle.  This  is  apparently  due  to 
the  inhibitory  action,  which  blocks  the  passage  of  impulses  from  the 
auricle  to  the  ventricle,  although  the  effect  of  the  drug  in  increasing 
the  irritability  of  the  cardiac  muscle  contributes  to  it  by  facilitating 
the  development  of  the  spontaneous  ventricular  rhythm. 

The  auricular  contractions  are  much  weaker  than  in  the  first  stage, 
and  even  than  in  the  normal  heart,  and  may  cease  altogether  for 
some  time,  while  the  chambers  do  not  tend  to  dilate  further  as  a 
general  rule. 

Although  the  rhythms  of  the  auricle  and  ventricle  may  differ  at 
this  stage,  the  two  ventricles  always  beat  in  unison,  and  the  changes 
in  the  strength  of  their  contraction  and  in  the  extent  of  the  relaxation 
are  similar. 

This  stage  of  excessive  inhibition  is  not  observed  in  every  case  of 
poisoning  in  animals,  nor  probably  in  man,  although  in  the  recorded 
instances  of  poisoning  with  the  members  of  this  series,  it  seems  to 
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have  been  present,  as  the  pulse  is  said  to  have  been  very  slow  and 
irregular. 

When  this  very  slow  (40-50  per  minute)  and  irregular  pulse  is 
met  in  tbe  therapeutic  use  of  digitalis  and  its  allies,  it  indicates  that 
the  efficiency  of  the  heart  is  lessened  hy  the  drug  instead  of  being 


nudns  of  the  BDricnlar  (apper)  scd  TCDtrlcuUr  moTementa  (loirer)  nnder  dlgl- 
UUa,  BH  the  flnt  itage  panes  fnto  the  second.  During  srstole  the  leren  more  qd- 
vrarda.  during  dlaatote  downward!.  Ths  rhythm  ot  the  two  cbamben  Ib  at  flrat  the 
same,  bat  loan  changea,  tbe  auricle  maintaining  Ita  rapid  best  while  the  Tentrlcl* 
becomes  slow  and  irregular.  At  the  end  of  tbe  tracing  the  Tentrlcle  again  becomes 
rapid,  while  the  anrlcle  becomes  slow.  The  atrength  of  the  contractions  and  the  estent 
of  relaxation  of  tbe  Tentflcte  muscle  remain  little  altered,  while  tbe  anrlcls  rapidly 
weakais  In  atrengtb,  but  ImproTes  again  at  the  end  of  the  tracing. 

increased,  and  the  dose  should  be  reduced  immediately.  If  the  inhibi- 
tory mecbaniem  is  weak  or  ie  paralyzed  by  the  preliminary  injectipn 
of  such  drugs  as  atropine,  the  second  stage  is  entirely  absent. 

Wben  very  large  quantities  of  any  of  this  series  are  injected,  the 
third  stage  sets  in.  It  is  preceded  by  the  first  for  a  short  time,  gener- 
ally by  both  first  and  second.  In  this  stage  the  ventricular  rhythm 
becomes  very  much  accelerated,  often  beyond  tbe  normal,  and  even 
beyond  that  seen  after  paralysis  of  the  inhibitory  nerves.  This  accel- 
eration has  often  been  supposed  to  be  produced  by  paralysis  of  the 
vagus,  but  this  is  not  the  correct  explanation,  for  stimulation  of  this 
nerve  sometimes  still  slows  tbe  heart  and  always  causes  dilatation. 
Tbe  acceleration  is  really  due  to  the  drug  increasing  the  irritability 
of  the  heart  muscle  to  such  an  extent  that  the  inhibitory  apparatus  is 
no  longer  able  to  hold  it  in  check. 

The  auricles  also  undergo  the  same  changes.  They  begin  to  accel- 
erate their  rhythm,  which  may  continue  the  same  as  that  of  the  ven- 
tricle for  some  time,  but  generally  diverges  from  it  in  the  third  stage. 
If,  however,  the  ventricular  rhythm  has  been  independent  of  tbe 
auricular  in  the  second  stugo,  the  auricles  are  often  later  in  being 
accelerated  than  the  ventricles,  because  the  inhibitory  nerves  act  more 
strongly  on  them.  Tbe  difference  in  rhythm  of  the  two  divisions 
leads  to  a  very  characteristic  periodic  variation  in  the  strength  of  tbe 
contractions  of  both  auricle  and  ventricle  (Fig.  44).  This  auriculo- 
ventricular  arrhythmia  may  continue  for  some  time,  but  further  irreg- 
ularities soon  present  themselves.     At  intervals  extrasystoles  of  either 
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ventricle  or  auricle  appear,  that  is,  two  contractions  follow  bo  rapidly 
on  each  other  that  the  chamber  has  no  time  to  dilate  fully  between 
them  and  no  blood  is  expelled  by  the  second  one.  These  eitrasystoles 
become  more  numeroue,  and  soon  form  groups  of  two  or  three,  sepa- 
rated by  other  groups  of  ordinary  contractions.  The  rhythm  becomes 
more  and  more  rapid,  and 
°'  other  forms  of  irregularity 

I  appear,  which  it  is  im- 
possible to  describe  here, 
I  Eventually  the  auricle  gen- 
erally passes  into  fibril- 
lary contractions  while  the 
rhythm  of  the  ventricle 
continues  to  increase,  and 
the  force  of  its  contrac- 
tions and  the  output  of 
each  beat  decrease.  The 
ventricle  finally  passes 
into  fibrillary  contractions 
also,  and  the  circulation  is 
arrested,  after  which  the 
heart  dilates  to  an  extreme 
degree. 

All  the  features  of  the 
tliird  stage  are  due  to  the 
poison's  increasing  the  irri- 
tability of  the  heart  muscle. 
This  leads  to  acceleration 
of  the  beat,  and,  eventu- 
ally, through  the  muscle  of 
one  pair  of  chambers  being 
acted  on  more  than  that  of 
the  other,  to  arrhythmia. 
The  extra-systoles  are  evi- 
dently of  the  same  origin, 

TtaclDSB  of  auricle  (upper)  and  Tentrlcle  and  the  final  delirium  18 
(lotrer)  Id  third  ntagt  of  diBttalls  actlmi.  Auricle  „i_.  i„  i,„  „_„_;t.„j  »„  iU;- 
and  ventricle  each  heating  rcBularlr  but  at  different   *1B0  tO  DC  aScrlDeO  tO  tJUS 

"a^  to^iait" V"  """"  ^'"™''""'"  '"  "'■"'•^  ""^  action.  Almost  all  the 
characteristic  features  of 
this  stage  may  be  imitated  in  the  normal,  unpoisoned  heart  by  stimu- 
lating the  different  chambers  by  electric  shocks ;  the  impulses  which 
in  the  poisoned  heart  arise  from  its  own  excessive  irritability  are 
here  given  by  the  artificial  stimuli,  but  the  effect  is  the  same. 

The  output  of  the  heart  continues  much  augmented  during  the  first 
part  of  the  third  stage,  but,  as  the  irregularity  of  the  ventricles 
increases,  and  the  extrasjstoles  become  more  nimierous,  it  becomes 
less  and  eventually  falls  to  zero  when  the  heart  passes  into  delirium. 
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Throughout  the  whole  course  of  the  intoxication  the  ventricles  beat  in 
unison,  no  interventricular  arrhythmia,  such  as  has  been  described  bj 
some  authors,  being  noticeable  at  any  stage.  The  two  auricles  also 
maintain  the  same  rhythm  throughout,  but  the  rhythm  of  the  ventri- 
cles may,  as  has  been  stated,  be  entirely  different  from  that  of  the 
auricles  in  either  the  second  or  third  stage. 

The  effects  of  digitalis  on  the  mammalian  heart  therefore  resemble 
in  general  those  observed  in  the  frog's.  The  contraction  is  not  pro- 
longed, however,  as  it  is  in  the  latter,  and  the  inhibitory  mechanism 
plays  a  more  important  role.  The  irregular  stage  evidently  corre- 
sponds in  each,  and  the  final  delirium  cordis  in  the  mammal  represents 
the  continued  contraction  in  the  frog,  the  mammalian  heart  not  being 
capable  of  a  continued 
systole.     The  heart  in  ^^' *^.' 

mammals    is    generally  

found  in  a  condition  of 
diastole  in  cases  of  fatal 
digitalis  poisoning,  and 
this  has  been  supposed 
to  indicate  a  fundamen- 
tal difference  in  the  ac- 
tion of  digitalis  on  the 
amphibian  and  mam- 
malian heart.  The  dil- 
atation is  not,  however, 
a  direct  result  of  the 
digitalis,  but  is  prob- 
ably induced  by  the  poi- 


f^-m^^A      ;™      *T,«      BtaBB  or  aiglUlW  polsoolnf.    Tne  lever  movea  upw^rOB 
tormea      in      tne      ^  agntale.     The  cbaracterlatlc  feature  Is  the  extreme 
heart  by   its  own   activ-      i^re^^rttr.^D^c^o^contr«cUon.™iea.bllDBe.ch  other 

ity.      When   the   mam-    - 

malian  heart  is  excised  and  blood  containing  digitalis  is  perfused 
through  the  coronary  vessels,  complete  systolic  standstill  of  the  ven- 
tricle resembling  that  seen  in  the  frog  is  often  the  final  outcome. 

The  Peripheral  Veasela  are  affected  in  several  ways  by  the  members 
of  this  series  when  large  quantities  are  injected  intravenously  in 
animals.  The  increased  output  of  the  heart  augments  the  pressure 
in  their  interior,  and  it  seems  not  unlikely  that  the  vasomotor  centre 
is  stimulated  and  that  this  causes  a  contraction  of  the  arterial  walls. 
But  in  addition  to  these  effects,  the  muscular  wall  of  the  arterioles 
is  constricted  by  a  direct  action  of  the  glucosides  and  the  resistance 
to  the  flow  of  blood  from  the  arteries  to  the  veins  is  increased,  which 
further  raises  the  tension  in  the  aorta  and  larger  arteries.  It  seems 
likely  that  all  the  members  of  the  group  do  not  act  equally  at  all  three 
points,  but  very  little  is  known  definitely  on  the  subject  except  that 
digitoxin  acts  more  powerfully  on  the  vessels  than  some  of  the  others, 
and  that  erythrophlceine  acts  more  on  the  medulla  and  less  on  the 
heart  than  any  other  glucoside  hitherto  examined. 
24 
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All  the  digitalis  bodies  then  increase  the  arterial  blood-pressore 
partly  throngh  changes  in  the  heart  and  parti;  through  contraction 
of  the  vascular  walls.  There  is  on  the  one  aide  an  unuBuallj  large 
amount  of  blood  expelled  by  the  heart,  on  the  other,  unusual  reeiat- 
ance  to  its  passage  out  of  the  arteries.  And  this  appears  to  be  the 
final  result  when  digitoxin  is  injected.  But  when  strophanthin,  digi- 
talin  or  convallamarin  is  used,  a  further  complication  arises,  for  these 
have  a  somewhat  less  marked  vascular  action,  and  though  the  vessels 
of  the  abdominal  organs  are  contracted  in  the  same  way  as  by  digi- 
toxin, those  of  the  extremities  dilate.  This  dilatation  is  partly  owing 
to  the  increased  pressure  in  the  interior  overcoming  the  contraction  of 


Traclnsi  of  the  blood  pmmrc  and  tbe  Tolnme  of  tb>  leg  and  of  tbe  Bplcen  of  tbo 
dog  under  ttropbanthtu.     Tbe  volume  of  tbe  leg  increaiea  witb  tbe  blood-preaaDre,  i.  e.. 


(OoTTLiaB  and 


Hagni 


o,  followed  bj  K 


the  walls,  but  is  mainly  to  be  ascribed  to  a  reflex  stimulation  of  the 
vaso-dilator  centre  induced  by  the  contraction  of  the  abdominal  vee- 
eela.  The  brain  vessels  react  in  the  same  way  as  those  of  the  limbs, 
digitoxin  contracting  them,  while  under  strophanthin  they  are  little 
affected.  The  general  result  is  that  the  total  amount  of  blood  circu- 
lating per  unit  of  time  is  increased,  but  this  increase  is  not  uniform 
in  the  different  organs.  Thus  both  strophanthin  and  digitalis  accel- 
erate the  flow  through  the  lungs  and  through  the  peripheral  muscles 
(Edmunds),  while  their  effects  on  the  abdominal  organs  may  be  to 
slow  the  current,  to  accelerate  it,  or  to  leave  it  unaltered,  according  to 
the  relative  degree  of  action  on  the  heart  and  on  the  vessels.  The 
rate  of  flow  through  the  coronary  vessels  of  the  heart  under  the  mem- 
bers of  this  series  has  been  investigated  by  Xoeb,  who  finds  that  digi- 
toxin contracts  these  vessels  and  retards  the  blood  supply  of  the  heart, 
while  strophanthin  appears  to  have  little  influence  on  them. 
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It  follows  th&t  under  all  of  tlie  series  the  blood  tends  to  accumulate 
on  the  arterial  side  at  the  expense  of  the  venona,  for  more  blood  is 
pumped  into  the  arteries  and  it  has  greater  difBcnltj  in  escaping. 
But  while  under  digitoxin  the  different  regions  of  the  bod;  appear  to 
be  equally  affected,  strophanthin,  digitalin  and  convallamarin  not 
only  tend  to  accumulate  the  blood  on  the  arterial  side,  but  divert  it 
from  the  internal  organs  to  the  limbs.  It  must  be  added  that  in  man 
the  therapeutic  doae  of  digitalis  and  its  allies  does  not  as  a  general 
rule  augment  the  blood-preesure  perceptibly  and  may  even  reduce  it 
slightiy  (p.  373). 

When  the  extreme  slowing  of  the  second  stage  appears,  the  output 
of  the  heart  is  reduced,  and  the  pressure  in  the  aorta  and  the  velocity 
of  the  blood  may  become  subnormal  (Fig.  47).  When  the  accelera- 
tion of  the  ihird  stage  follows,  the  output  is  again  augmented  ajid 
may  be  greater  than  ever;  the  blood-pressure  and  velocity  increase, 
but  the  heart  soon  becomes  irregular  in  the  force  of  its  contractions. 

Era.  47. 
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Inhibition  with  Bcane  Icregolarlty  Id  rhrthm.    E,  third  ■tan  of  Irregularltr, 

during  which  the  blood-preasnre  rlira  agatn  from  tb«  Increased  ontpnt  of  the  heart  and 
the  farther  contraetloD  of  the  Teaaela. 

the  output  vanes  from  second  to  second,  and  the  pressure  and  velocity 
in  the  aorta  fall  slowly.  The  blood-pressure  tracing  shows  the  irregu- 
larity of  the  heart  more  or  less  accurately,  but  must  not  be  taken  to 
indicate  at  all  the  real  condition  of  that  organ,  as  the  constriction  of 
the  arterioles  varies  at  different  times.  Eventually  the  pressure  falls 
to  zero,  when  the  heart  ceases. 

In  the  pulmonary  circulation  the  pressure  is  not  raised  by  som©  of  1 
the  series,  such  as  strophanthin  and  helleborein,  while  after  digitalis  I 
a  rise  in  die  pressure  in  the  pulmonary  artery  is  sometimes  seen.    Yet  \ 
all  of  them  increase  the  output  of  the  right  ventricle.     The  explana-    \ 
tion  of  this  paradox  probably  is  that  the  pulmonary  vessels  can  eon-     1 
tain  not  only  the  ordinary  supply  of  blood,  but  also  an  increased    / 
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volume  without  offering  &nj  great  resietance.  In  the  latar  stages  the 
pulmonarj  circulation  presents  irregularities  similar  to  those  oi  the 
systemic. 

Action  on  the  Benal  Secretion, — When  digitalis  was  first  introduced 
to  the  notice  of  the  medical  profession  bj  Withering  its  action  on  the 
heart  was  not  appreciated.  Withering  used  it  only  to  remove  accu- 
mulations of  fluid  from  the  body,  which  it  accomplished  by  increasing 
the  secretion  of  urine.  This  observation  of  Withering  was  soon  con- 
firmed by  further  experience  in  the  use  of  this  drug,  but  it  was  long 
disputed  whether  this  diuretic  action  occurred  in  healtji,  or  whether  it 
was  not  confined  to  cases  in  which  pathological  accumulations  of  fluid 
were  present.  Digitalis,  however,  as  is  now  conceded  by  almost 
everyone,  causes  some  increase  in  the  quantity  of  urine  secreted  by 
the  normal  animal,  although  this  is  small  compared  with  that  in 
cases  of  dropsy.  The  fluid  of  the  urine  is  much  more  largely  aug- 
mented than  the  solids,  which  may  remain  unchanged.     The  cause  of 


I   rabbit  under  dlsltallB.     Bich 


Dintram   representlnx  the  aecretlcm  of  nrli 

rectangle  repreaents  the  flmount  o(  urine  aecretcu  lu  ic^  ^...uu™.    ^  ......  ..,  .. 

secretion,  fa  the  next  ten  mlnntea  a  amall  doae  of  diglUlla  D  waa  Injected  Intra- 
*enonal7  and  a  rapid  Increaae  In  the  aecretloti  (oUowed.  At  ly  and  D"  ftirther  ta- 
jectlona  were  made,  each  beloB  aueceeded  by  a  eonalderably  aagmented  How  of  nrine. 
The  dotted  line  repreaenta  the  arern|e  blood-preeaure  at  each  period.  It  irlll  he  ob- 
■erred  that  each  Inteetitm  la  lollowed  br  aome  Increaae  In  the  arterial  traidon.  Coti- 
traat  Vie.  S4  (p.  2sft  aa  to  the  amount  of  the  aecretlon,  and  also  aa  to  the  behavior 
of  the  biood-preaaurSI 

this  increase  in  the  renal  secretion  is  not  generally  believed  to  be  a 
direct  action  on  the  secretory  mechanism,  such  as  it  met  with  under 
caffeine ;  on  the  contrary,  the  kidneys  themselvee  are  supposed  to  be 
acted  on  only  indirectly  through  the  changes  in  the  circulation.  Small 
doses  are  said  to  increase  the  bloodstream  through  the  kidney  and 
thus  to  increase  the  renal  volume  as  measured  in  the  oncometer,  while 
larger  doses  contract  the  renal  vessels  along  with  those  of  the  other 
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this  it  has  been  observed  tbat  a  larger  diuresis  Bometimes  followsfrom 
moderate  doses  than  from  very  large  ones.  The  increased  blood 
stream  is  due  for  the  moBt  part  to  the  augmented  efficiency  of  the 
heart  and  not  to  the  vascular  changes,  though  it  is  possible  that  if  the 
renal  vessels  are  less  readily  contracted  than  those  of  the  other  organs 
this  may  serve  to  divert  the  blood  current  to  the  kidney.  It  may  be 
supposed  that  the  accumulation  of  the  blood  in  the  arteries  and  the 
consequent  fall  of  the  venous  pressure,  which  has  been  shown  to  occur, 
lead  to  an  augmented  flow  of  the  lymph  into  the  blood  vessels,  and 
that  the  blood  is  thus  diluted  and  the  kidneys  therefore  incited  to 
abnormal  activity,  while  at  the  same  time  their  nutrition  ia  improved 
by  the  acceleration  of  the  general  circulation  and  possibly  by  some 
local  dilatation  of  the  renal  vessels.  It  is  possible,  also,  that  at  any 
rate  some  of  the  members  of  this  series  act  as  slight  irritants  to  the 
renal  epithelium.  The  appearance  of  blood  and  albumin  in  the  urine 
of  animals  after  large  doses  of  squills  and  digitalis  certainly  indi- 
cates some  local  action  quite  apart  from  the  circulatory  changes. 

The  cbangea  In  the  drcnUtlon  In  man  can  bo  followed  only  imper- 
fectly. The  heart  rhythm  is  very  distinctly  slower  and  the  apex  beat 
is  much  stronger  than  before  the  administration  of  the  drug;  the 
pulse  is  slower  and  stronger  and  fuller.  It  must  be  added  that  the 
strength  of  the  pulse  is  not  to  be  regarded  as  a  gauge  of  the  changes 
in  the  cardiac  muscle,  for  it  is  due  not  only  to  the  increased  strength 
of  the  cardiac  contraction,  but  also  to  its  slow  rhythm.  When  the 
heart  is  beating  rapidly,  the  arteries  have  no  time  to  empty  them- 
selves completely  and  the  pulse  is  small,  while  on  the  other  band, 
when  digitalis  slows  the  heart,  the  arteries  have  time  to  empty  their 
contents  into  the  capillaries  before  the  next  contraction  occurs,  the 
walls  therefore  become  more  flaccid,  and  a  new  wave  of  blood  causes 
a  more  distinct  impulse.  In  some  cases  of  fever  the  vagus  seems  to 
have  less  control  over  the  heart  than  nsual,  and  after  digitalis  there 
is  no  very  marked  slowing,  although  the  action  on  the  cardiac  muscle 
may  be  fully  developed.  The  pulse  is  fuller,  but  it  is  not  much  » 
slower,  and  if  the  physician,  judging  from  the  rate  of  the  pulse  that  j 
the  drug  has  been  given  in  too  small  quantities,  prescribes  larger  / 
doses,  the  effects  on  the  heart  may  be  disastrous,  as  the  third  stage 
of  irr^ularity  and  less  perfect  action  of  the  heart  may  be  induced. 
In  those  cases  in  which  this  series  seems  to  have  no  action  on  the 
pulse,  the  heart  and  the  general  condition  of  the  circulation  must  be 
very  carefully  examined  before  larger  quantities  are  prescribed.  If, 
for  example,  the  urine  be  found  increased,  or  the  cedema  is  less 
marked  than  before,  or  the  breathlessness  and  the  dyspnoea  have  dis- 
appeared, the  drug  is  fulfilling  its  chief  purpose,  even  though  the 
pulse  remains  apparently  unchanged. 

The  blood-pressure  does  not  seem  to  be  augmented  in  man  to  any 
extent  perceptible  by  the  methods  in  use  for  measuring  it  clinically, 
and  in  some  instances  is  distinctly  reduced.     This  is  due  to  the  fact 
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that  in  man  the  vaso-conBtrictqt  mechameni  ia  rntich  more  perfect  than  oi' 
in  the  lower  animalB,  for  otherwise  the  upright  posture  would  be 
imposeible.  The  blood-pressure  is  maintained  in  man  by  the  cou- 
Btant  activity  of  the  Taso-confitrictor  centre,  and  any  change  in  the 
amount  of  blood  supplied  to  this  centre  alters  the  degree  of  constric- 
tion in  the  vessels.  When  tbe  circulation  is  slow,  the  centre  ia  thrown 
into  activity  and  there  ia  a  conatriction  in  the  eplanchnic  area  which 
maintains  the  blood-pressure.  On  the  other  hand,  when  the  circula- 
tion is  accelerated,  as  by  digitalis,  and  more  blood  is  supplied  to  the 
centre,  its  activity  is  lowered  and  the  splanchnic  area  ia  widened. 
The  effect  of  digitalis  on  the  veasels  is  thus  counterbalanced  by  its 
indirect  effects  on  the  vasomotor  centre,  and  no  riae  in  pressure  occurs. 

In  OasM  of  Polionlnf  with  tbe  digitalis  series,  the  most  alarming 
symptoms  arise  from  the  circulatory  changes.  In  the  well-known 
case  of  Koppe,  who  accidentally  poisoned  himself  in  the  course  of  his 
investigations  on  digitozin,  the  first  symptoms  were  uneasiness,  ^ddl- 
ness,  nausea  and  vomiting  and  great  muscular  weakness.  The  pulse 
then  fell  to  about  half  its  normal  rate  and  became  intermittent,  and 
the  increasing  muscular  weakness  was  accompanied  by  precordial 
anxiety,  imperfect  vision  and  constant  nausea  and  vomiting,  which 
prevented  sleep  and  rest,  and  which  persisted  for  over  thirty-sis  hours 
without  improvement.  The  symptoms  then  slowly  disappeared  and 
he  recovered  entirely  in  about  a  week.  The  quantity  taken  by  him 
was  2  mg.  (Vao  gr.),  but  four  days  previously  he  had  taken  1  mg.  (^a 
gr.),  and  it  ia  possible  that  this  may  not  have  been  absorbed  com- 
pletely. In  any  case  the  small  dose  of  digitoxin  necessary  to  induce 
almost  fatal  symptoms  indicates  that  it  is  one  of  the  most  powerful 
poisons  known  at  present. 

The  main  action  of  this  series  is  on  the  circulation,  but  some  other 
results  of  their  administration  of  less  consequence  have  been  observed. 
Thus  in  fever  the  Temparatnra  is  not  infrequently  reduced,  although 
it  remains  unchanged  after  the  administration  of  di^talia  to  the 
normal  animal.  This  action  is  said  by  some  to  be  the  result  of  col- 
lapse, while  others  believe  it  to  be  due  to  the  changes  in  the  circula- 
tion, but  neither  of  these  seems  to  be  a  very  happy  explanation.  It 
has  been  stated  already  that  the  members  of  this  series  act  as  stimu- 
lants to  some  parts  of  the  central  nervous  system,  and  a  possible  expla- 
nation of  their  antipyretic  action  would  be  an  increased  activity  of 
the  temperature-controlling  centre.  It  has  been  shown  by  Harnack 
that  several  central  nervous  stimulants,  including  picrotoxiu,  cause 
a  fall  in  the  temperature  in  this  way. 

Digitalin  and  its  allies  are  very  slowly  absorbed  from  the  alimen- 
tary tract  and  a  considerable  amount  of  some  of  them  appears  to 
be  destroyed  in  the  process.  Even  after  they  reach  the  blood,  they 
seem  to  affect  the  heart  and  vessels  more  slowly  than  most  drugs.  On 
the  other  hand,  their  effects  are  very  prolonged,  the  heart  remaining 
slow  for  several  days  after  the  drug  has  been  stopped.  After  repeated 
doses  there  is  therefore  a  tendency  to  increased  action  or  cumulative 
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action.     The  glucosidea  appear  to  undergo  decomposition  in  the 
tissues,  but  traces  have  been  found  in  the  urine. 

Tbe  cUgitolis  bodies  veaken  and  eventuall;  paralyze  the  Unscles  and  the 
tennitiations  of  the  peripheral  Narres  of  tba  frog.  For  this  purpose  it  haa 
to  be  applied  in  quantities  which  would  at  once  stop  the  namn^n-liB"  heart, 
and  this  action  certainly  never  even  commences  in  wann-blooded  animals. 
Large  quantities  of  digitalis  are  said  to  act  on  the  anstriated  muade  of  several 
oigans,  such  as  the  stomach  and  atems,  and  to  increase  their  moveiaenta,  and 
thu  certainly  occura  in  excised  organs  exposed  to  solntions  of  the  glncoeides. 

Pkepabationh. 

Dicltalis  (V.  a.  P.),  Dlgltalla  Folia  (B.  P.),  fox^ove,  the  leaves  of  Digi-      03.  i^ 
talis  purpurea  collected  from  plants  of  the  seeond  year's  growth.    0.03-0.1  O.    * 
(1-2  g«.)-  , 

Eftractum  Diaitalia  (U.  S.  P.),  10  ings.  (i  gr.).  ■  •*'"*> 

i'uUaxiractvm  Digitalis  (U.  8.  P.).  0-05  c.c.  (1  min,)-  .  o^oc 

IgWr.;™  DiGTiAMfl.  U.  8.  P.,  8  C.C.  (2  fl.  drs.) ;  B.  P.,  2-4  &.  drs.  3<X 

TtH3Kti.TC^ALia  (U.  S.  P.,  B.  P.),  0.3-1  c.e.  (5-15  mins.).  -D  -|.->-«. 

"  iMgttaUne  "  of  commerce  varies  much  in  composition  and  in  dose,  some- 
times proving  entirely  inert,  while  at  other  times  it  has  proved  poisonous  in 
comparatively  small  quantities.  Crystalline  digitaline  very  often  consiBtB 
largely  of  digitonin,  which  is  quite  devoid  of  the  digitalin  action.  Other 
preparations  seem  to  contain  much  digitophyllin.  "  DigitaUnum  verum"  is 
said  to  be  pure  digitalin,  and  may  be  injected  subcutaneously  without  danger. 
2-6  mg.  (ia-^  gr.). 

Digitoxin  has  been  prescribed  in  doses  of  -^  mg.  (r^  gr.),  bat  the  forms 
at  present  on  the  market  vaiy  greatly  in  strength.  Digdlen,  or  amorphons 
digitoxin,  has  been  introduced  of  late  years,  but  does  not  seem  constant  in 
composition,  for  several  investigators  have  found  it  altogether  inert. 

^e  tincture  and  infusion  are  the  most  commonly  used  preparations.  The 
extract  and  the  powdered  leaves  may  be  given  in  the  form  of  pills.  The 
preparations  ought  to  be  freshly  made  and  solution  of  "  digitaline  "  and  digi- 
toxin mast  not  be  kept,  as  they  soon  decompose. 

StropbantbuB  (U.  S.  P.),  Btraphantbi  Semina  (B.  P.),  the  seeds  of 
Strophanthns  Komb^. 

EaAracttm  Strophanthi  (B.  P,),  J-l  gr.  «      »>* 

~   MffHAMTHr   (V.   8.  P.,  B.  P.),  0.3-1.0  c.c    (5-15  mina.).     "'  "•'^ 


gtrophowtfcwmi  in.  S.  p.),  varies  in  composition  and  in  power.    Its  dose  is 

give^  as  0.3  mg.    (jJo  gr.),  but  this  is  often  devoid  of  action,  while  in        "i^Mair 

other  cases  0.2  mg.  has  been  found  a  BuEBcient  dose,  and  it  is  therefore  to  be 

used  with  caution.     Its  solutions  are  very  liable  to  decompose  and  have  to  be 

freshly  prepared.     A  "  crystalline  stropbantbin  "  has  been  obtained  by  Thoma 

from  stropbantbus  gratus  and  is  said  to  be  a  definite  body  with  a  dose  about 

half  of  that  of  the  official  atrophanthin. 

Ql^llMn.  S.  P.,  B.  P.),  squills,  the  bulb  of  Urginea  maritima,  Ui^^ 
Scilla,  or  Scilla  maritima,  deprived  of  its  dry  membraiiaceous  outer  scales  and 
cut  into  thin  slices.     0.05-0.2  Q.  (1-^  grs.)  in  pills. 

Acetvm  Scilla  (U.  8.  P.,  B.  P.),  1-2  c.c.  (15-30  mins.). 

FlwdextractuM  Seaia  (U.  S.  P.),  0.05-0.1  c.c.  (1-2  mins.).  --»_«  .^ 

~       *  (U.  8.  P.,  B.  P.),  05-1  C.C.  (5-15  mins.).  "  "^    ■'^^ 

a_(U.  S.  P.,  B.  P.),  2-4  cc.  (30-60  mins.).  2-^ 

_  £  CoMPOeiTDB  (U,  8.  p.),  containing  senega  and  tartar 

.  (30  minar)".*"  """'     "■ 
Osymel  BeiOa  (B.  P.),  1-1  fl.  dr. 
.  PUula  Scilla  Compotita  (B.  P.),  eontaina  ginger  and  ammoniacmn,  4r-S  grs. 
PiLDliA  Ipecacvavsm  ant  Scilu  (B.  P.),  contains  5  per  cent  opium. 
4-8  grs. 
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Squills  is  often  prescribed  in  pill  form  as  a  diuretic;  as  an  expectorant  M^vT 
the  syrup  is  more  often  used.     The  compound  syrup,  U,  S.  P.,  or  the  pill  oC 
Ipecac  and  Squill,  B.  P.,  may  be  ordered  instead  of  a  cou^  mixture,  as< 
they  contain  the  chief  constituents  of  such  remedies. 

ScSlotoxin,  etc.,  of  commerce  are  merely  purified  extracts  and  not  pui 
principles. 

Apocynnm  (IT.  8.  P.),  Canadian  bemp,  tbe  root  of  Apocynum  canuabim 

Flvidextractum  Apocym  (U.  S.  P.),  1  cc.  (15  mina.). 

0<aiT»ll»rl*  (U.  S.  P.),  Lily  of  the  Valley,  tbe  rbizome  and  roots  of  Con- 
valliiria  majalis,  0.5  0.  (7i  gn.). 

Flvidextractum  Convallarirs  (U.  S.  P.),  0.5  c.c.  (8  tnins.). 

Euonymos  (U.  S.  P.),  Enonyml  Cortaz  (B.  P.),  Waboo,  tbe  baA  of  tbe 
roots  of  EuonjiBus  atropurpureus,  0.5  G.  (71  grs.). 

Extractum  Euonymi  (U.  S.  P.),  0.125  Q.  (2  grs.). 

Extraetum  Euonymi  Siccum  (B.  P.),  1—2  gis. 

The  importance  of  this  group  in  therapeutics  is  bo  great  that  it  is 
to  be  regretted  that  no  adequate  method  of  chemically  estimating  the 
content  of  active  principles  is  available.  For  the  crude  drugs  appear 
to  vary  in  activity  very  greatly,  and  even  when  the  attempt  is  made 
to  use  the  glucosidea  themBelvcB,  the  difficulty  in  their  isolation  and 
identification  leads  to  uncertainty  in  their  doEage.  There  has  there- 
fore been  introduced  (Houghton)  a  method  of  assaying  the  strength 
of  the  preparations  of  digitalis,  squills  and  strophanthns  according 
to  the  quantity  necessary  to  produce  changes  in  the  circulation.  As 
a  general  rule  the  smallest  quantity  which  is  sufficient  to  arrest  the 
frog's  heart  in  a  definite  time  has  been  taken  as  the  unit,  and  such 
standardized  preparations  are  now  available.  The  active  principles 
stand  in  no  less  need  of  being  assayed.  Only  by  using  these  stand- 
ardized preparations  can  there  be  any  certainty  that  the  patient  is 
receiving  a  uniform  dose  of  these  drugs  (Edmunds). 

Thftrftpentic  Uses. — The  chief  purpose  for  which  this  series  is  used 
in  therapeutics  is  to  counteract  certain  changes  in  the  circulation, 
■which  result  in  tbe  blood  accumulating  in  the  veins  in  too  large  quan- 
tities, while  the  arteries  are  leas  completely  filled  than  usual.  And 
first  of  all,  in  cases  of  dilatation  of  the  heart  with  a  weak  and  insuffi- 
cient systole,  its  action  is  almost  specific.  This  is  true  whether  one 
or  both  ventricular  chambers  are  affected,  as  long  as  the  cardiac 
muscle  itself  has  not  undergone  degeneration.  In  these  cases  the 
action  is  very  simple — the  increased  ventricular  systole  approaches 
the  normal,  the  output  of  the  heart  is  increased,  and  in  some  cases  at 
any  rate,  the  dilatation  is  diminished  by  the  direct  action  of  the  drug. 
The  effect  is  an  increased  velocity  and  pressure  in  the  arteries,  and 
an  improved  nutrition  of  the  whole  body.  The  organ  which  suffers 
most  of  all  under  the  malnutrition  caused  by  dilatation  of  the  cham- 
bers is  the  heart  itself,  and,  accordingly,  in  these  cases  the  heart  is 
found  better  nourished  and  has  more  tendency  to  hypertrophy  after 
digitalis  or  its  allies.  Eventually  the  walls  of  the  heart  become  so 
enlarged  as  to  be  able  to  carry  on  the  work  without  the  additional 
stimulation  of  digitalis,  and  the  drug  ought  therefore  to  be  stopped. 
It  must  be  remembered  that  the  hypertrophy  of  the  heart  is  not> 
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direct  effect  of  this  series,  which  only  puts  the  organ  in  a  condition 
in  which  it  receives  more  nourishment  and  is  therefore  more  likely 
to  hypertrophy.  The  effects  in  these  eases  of  dilatation  aeon  to  be 
attributable  entirely  to  the  action  on  the  cardiac  muscle. 

It  is  frequently  stated  that  the  slowing  of  the  heart,  which  aUows  the  heart 
more  time  to  rest  and  more  time  to  fill  itself,  is  accountable  for  the  improve- 
ment. Bat  ntimerouB  other  drugs  slow  the  heart  quite  as  mueh  and  in  exactly 
the  same  way,  yet  are  of  no  benefit,  but  rather  the  reverse  in  those  conditioiis 
in  which  digitalis  is  most  valuable.  Aconitine,  for  example,  slows  the  heart 
by  stimulating  the  vagus  centre,  but  no  one  would  dream  of  using  aconite  as 
a  substitute  tor  digitalis  in  dilatation  of  the  ventricles.  The  true  explanation 
of  the  action  of  digitalis  is  the  action  on  the  cardiac  muscle,  by  which  the 
systole  is  strengthened  and  the  ontpat  of  the  heart  is  increased. 

Mitral  incompetency  may  be  taken  as  a  concrete  example  of  cardiac 
disease.  Here  some  of  the  blood,  instead  of  passing  into  the  aorta 
during  the  ventricnlar  systole,  passes  back  into  the  auricle.  The 
efficiency  of  the  heart  is  thus  reduced  and  the  blood  tends  to  accumu- 
late on  the  venous  side  and  the  nutrition  of  the  whole  body  sufferH. 
This  leads  to  dilatation  of  the  heart  chambers  and  congestion  of  the 
lungs.  (Edema  and  dropsy  follow,  the  kidneys  and  other  organs 
become  overfilled  with  blood,  and  the  whole  economy  is  thrown  into 
disorder.  If  now  one  of  this  series  be  given,  the  right  and  left  ven- 
tricles commence  to  beat  more  strongly,  their  output  is  increased,  and 
the  blood  is  forced  through  the  lungs.  It  still  regurgitates  into  the 
left  auride,  but  the  proportion  passing  back  to  that  driven  forward 
is  smaller,  owing  to  the  increase  in  systole,  which  lessens  the  mitral 
orifice.  Iforeover  the  right  ventricle  is  able  to  overcome  the  pressure 
in  the  pulmonary  artery,  and  therefore  soon  ceases  to  drive  blood  into 
the  right  auricle,  and  the  systemic  veins  can  pass  their  blood  into  the 
heart  without  difficulty.  The  congestion  of  the  organs  rapidly  dis- 
appears, the  kidneys  become  better  nourished  and  secrete  rapidly, 
thus  draining  off  the  large  quantities  of  fluid  accumulated  in  the 
body.  The  heart  itself  improves  in  condition,  but  more  work  is 
required  of  it  than  in  the  normal  body,  because  some  of  its  work  is 
still  lost  through  the  blood  passing  backwards  from  the  ventricle 
instead  of  forwards.  The  muscle  responds  to  the  strain  by  hyper- 
trophy, and  when  this  process  is  complete,  the  drugs  have  f  ulfiUed  their 
purpose,  and  further  administration  is  useless  and  may  be  dangerous. 

The  only  action  of  the  drug  required  here  is  the  increased  contrac- 
tion of  the  ventricles  and  auricles  in  systole,  and  this  is  exactly  the 
point  in  which  this  series  differs  from  all  others.  At  the  same  time, 
if  the  diastolic  dilatation  becomes  less  marked,  as  it  does  in  many 
experiments  on  the  normal  heart,  this  must  also  aid  in  such  a  case, 
because  the  more  dilated  the  ventricle  the  less  perfectly  does  the  mitral 
valve  close  the  anriculo-ventricular  orifice  at  the  beginning  of  systole. 
If  then  the  dilatation  of  the  heart  becomes  less,  either  from  a  direct 
action  of  the  drug,  or  as  a  result  of  the  improved  nutrition  of  the 
muscle,  the  imperfection  of  the  valve  may  be  compensated  for  by  the 
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D&rrowing  of  the  orifice.  If  the  muscular  action  predomiDates  suffi- 
ciently over  the  inhibitory,  a  further  factor  may  aid  in  repairing  the 
breach  of  the  valve,  for  the  auricular  muacle  is  acted  on  in  the  same 
way  as  the  ventricular — its  contraction  is  more  complete,  and  the 
auricle  therefore  empties  itself  more  perfectly  and  contains  less  blood 
at  the  beginning  of  the  ventricular  systole  than  it  otherwise  would. 
If,  in  addition,  the  auricular  relaxation  is  lessened  by  digitalis,  a 
greater  resistance  must  be  offered  to  the  regurgitating  blood.  The 
increased  contraction  of  the  papillary  muscle  may  also  aid  in  the 
therapeutic  effect  by  closing  the  valves  more  completely. 

In  aortic  incompetency  ^e  same  beneficial  results  may  be  expected, 
because  here  again  there  is  more  blood  expelled  into  the  aorta.  The  . 
less  dilated  ventricle  also  preeents  a  greater  resistance  to  the  return 
of  the  blood.  It  is  true  that  longer  time  is  allowed  for  the  blood  to 
pass  back  into  the  ventricle  owing  to  the  prolongation  of  the  diastolic 
pause,  but  this  does  not  seem  to  be  sufficient  to  counterbalance  the 
benefits  of  the  more  complete  contraction  of  the  ventricle.  In  experi- 
mental lesions  of  the  aortic  valves  in  animals  digitalis  is  found  to 
improve  the  ef&ciency  of  the  heart,  and  a  smaller  mortality  occurs  in 
animals  under  treatment  than  in  the  controls. 

In  narrowing  of  the  orifices,  the  improvement  observed  aft^  digi- 
talis may  also  be  explained  by  the  stronger  and  more  complete  con- 
traction of  the  ventricles.  Stenosis  very  rarely  occurs  unaccompanied 
by  regurgitation,  however,  and  the  diminution  of  the  backward  flow 
may  be  t^e  main  object  attained  by  these  drugs  in  this  condition. 

On  the  right  side  of  the  heart  the  same  action  occurs  as  on  the  left, 
and  in  dilatation  of  the  right  ventricle,  which  often  occurs  as  the 
result  of  pulmonary  disease,  this  series  acts  by  increasing  the  strength 
of  the  ventricular  contraction. 

Irregularity  of  the  heart  often  disappears  under  digitalis  treat- 
ment, apparently  in  many  cases  from  the  improvement  of  the  cardiac 
nutrition.  In  other  forms  the  vagus  stimulation  may  perhaps  lessen 
the  tendency  to  irregularity,  but  this  requires  further  investigation. 
On  the  other  hand,  the  use  of  digitalis  sometimes  gives  rise  to  irregu- 
larities and  the  character  of  these  has  received  a  good  deal  of  attention 
of  late  years.  The  first  form  arises  from  the  muscular  action  which 
may  increase  the  excitability  of  the  ventricle  or  auricle  so  much  in 
some  cases  that  spontaneous  beats  (extraaystoles)  may  arise  (Fig. 
49).  These  are  not  of  great  importance,  but  the  heart  should  be 
carefully  watched  and,  if  possible,  the  dose  should  be  reduced.  Other 
forms  arise  from  the  stimulation  of  the  inhibitory  mechanism.  Thus 
when  the  pulse  is  very  much  slowed,  the  intervals  between  the  beats 
are  often  variable  and  the  powerful  contractions  cause  an  unpleasant 
sensation  in  the  chest.  This  occurs  when  the  vagus  is  strongly  stimu- 
lated from  any  cause  and  is  not  peculiar  to  digitalis.  When  this 
form  of  irregularity  sets  in  the  dose  should  be  reduced  or  die  drug 
omitted  altogether  for  a  few  days.  Not  infrequently  a  less  obvious 
vagus  effect  causes  irregularity  under  digitalis.     When  the  conduc- 
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tion  from  the  auricle  to  the  ventricle  is  slightly  impaired  hy  diseftBe, 
it  is  found  that  digitalis  accentuates  the  weaknesa.  Before  the  treat- 
ment the  fibres  were  able  to  conduct  all  the  impulses  from  the  auricle 
to  the  ventricle,  though  perhaps  they  passed  more  slowly  than  in  quite 
normal  hearts.     But  now  an  occasional  impulse  fails  to  pass,  or  per- 
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hape  only  one  of  two  impulses  passes  to  the  ventricle.  When  an 
impulse  fails  to  reach  it  the  ventricle  remains  in  diastole  (dropped 
beat)  (Fig.  50),  and  when  only  one-half  the  impulses  pass  to  it,  the 
rhythm  of  the  ventricle  is  only  half  that  of  the  auricle  (half  rhythm) 
(Fig.  61).     Or  the  block  may  be  complete,  no  impulses  passing 
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throng  the  fibres  at  all  and  in  this  caae  the  ventricle  takes  np  its 
own  spontaneous  rhythm  (heart-block).  Digitalis  causes  the  failare 
of  impulses  because  the  inhibitory  mechanism  which  it  stimulates 
lessens  the  conductivity  of  the  fibres.  This  form  of  irregularity  is 
therefore  quite  apart  from  the  muscular  action ;  but  it  is  generally 
necessary  to  abandon  digitalis  treatment  when  it  gives  rise  to  les- 
sened conduction,  at  any  rate  in  its  more  aggravated  forms.  Another 
form  of  irregularity  which  sometimes  appears  under  digitalis  is  known 
as  pulsus  aitenuins  (Pig.  52),  and  is  marked  by  an  alternation  of 


strong  and  weak  beats  of  the  radial  pulse.  This  generally  indicates 
impaired  contractility  of  the  ventricular  wall,  and  its  occurrence 
under  digitalis  has  not  as  yet  received  adequate  explanation. 

In  numerous  acute  febrile  conditions  the  heart  becomes  affected,* 
possibly  in  part  by  the  high  temperature,  but  largely  from  the  toxic 
products  circulating  in  the  blood.  The  chief  cardiac  symptoms  are 
dilatation  with  a  weak  systole  and  a  small  "fluttering"  pulse.  In 
these  cases  digitalis  and  other  similar  drugs  may  be  of  great  service  in 
slowing  the  accelerated  heart  and  in  increasing  the  extent  of  systole, 
and  thus  improving  the  general  circulation.  In  pneumonia  more 
especially  great  improvement  is  often  seen  after  digitalis.  In  this 
disease,  besides  the  toxic  action  on  the  heart  there  may  be  present 
more  or  less  obstruction  of  the  pulmonary  vessels  through  pressure, 
resulting  in  overwork  and  dilatation  of  the  right  heart.  The  routine 
treatment  of  pneumonia  with  digitalis  is  often  recommended,  but  is 
to  be  deprecated  on  the  general  principle  that  a  drug  is  not  to  be  pre- 
scribed until  some  special  indication  for  it  appears;  unless  distinct 
evidence  of  circulatory  disturbance  is  present,  digitalis  ought  to  be 
withheld. 

In  acute  fevers  the  inhibitory  mechanism  is  often  less  irritable 
than  normally,  and  the  activity  of  the  drug  must  not  be  estimated  by 
the  slowness  of  the  pulse.     (See  page  373.) 

In  some  forms  of  dilatation  of  the  heart  digitalis  and  its  allies  are 
to  be  avoided.  Thus  where  extensive  degeneration  of  the  heart  mus- 
cle is  present,  as  in  fatty  heart,  little  or  no  benefit  from  the  muscular 
action  is  to  be  expected,  for  the  muscle  itself  is  too  weak  to  respond 
to  the  stimulation.  On  the  other  band,  digitalis  may  cause  the  most 
serious  results — ^the  systole  becomes  even  weaker  than  before  its 
administration,  and  brain  aneemia,  syncope  and  not  infrequently 
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sadden  death  follow.  In  other  caeee,  while  the  condition  of  the  heart 
is  eminently  suitable  for  digitalis  treatment,  disease  of  other  parts  of 
the  body  maj  preclude  its  use.  Thus  if  extensive  degeneration  of 
the  arterial  coats  is  present,  digitalis  incautiously  used  may  lead  to 
rupture  of  their  walls  and  apoplexy.  In  those  cases  etrophanthus  is 
generally  preferred  to  di^talis,  and  it  is  recommended  that  either  be 
prescribed  along  with  some  drug  to  dilate  the  vessels  and  lessen  the 
arterial  tension,  such  as  nitroglycerin  or  some  other  of  the  nitrite 
series.  In  treating  with  digitalis  and  a  member  of  the  nitrite  series 
it  is  found  that  the  digitalis  action  sets  in  somewhat  slowly  and  per- 
sists for  a  long  time,  while  the  nitrites  act  rapidly,  but  are  excreted 
comparatively  soon.  The  best  results  are  therefore  obtained  by  fre- 
quent small  doses  of  nitrc^lycerin,  which  need  not  be  administered 
for  some  hours  after  the  first  dose  of  digitalis. 

In  some  cases  dilatation  of  the  heart  seems  to  be  due,  at  any  rate 
in  part,  to  increased  arterial  tension  from  disease  of  ths  arterial  walls 
and  of  the  kidneys.  In  these  cases  digitalis  is  to  be  used  with  cau- 
tion, and  perhaps  strophanthus  is  to  be  preferred  to  digitalis,  unless 
one  of  the  nitrite  series  is  associated  with  the  latter,  A  high  blood- 
presaure  ought  not  to  be  regarded  as  definitely  contra-indicating  the 
use  of  digitalis  or  its  allies,  however,  for  excellent  results  often  follow 
its  e^ibitlon  in  these  cases,  provided  the  special  indications  for 
digitalis  are  presented  in  venous  stasis,  oedema  or  deficient  urine.  In 
these  eases  the  high  pressure  presumably  arises  from  excessive  activity 
of  the  vaso-constrictor  centre  inducing  mesenteric  constriction  in  an 
attempt  to  maintain  the  blood  supply  to  the  brain ;  this  involves  an 
abnormal  resistance  to  the  circulation  and  imperfect  nutrition  of 
various  organs.  Digitalis  by  increasing  the  efficiency  of  the  heart 
improves  the  blood  supply  of  the  brain  and  the  activity  of  the  vaso- 
constrictor centre  is  abated,  leading  to  a  more  normal  state  of  the 
circulation  and  often  to  a  lower  arterial  tension. 

Valvular  disease  is  not  in  itself  an  indication  for  digitalis,  for  the 
heart  tends  to  undergo  compensatory  hypertrophy  in  favorable  condi- 
tions without  the  use  of  any  drug  whatever,  and  digitalis  is  indicated 
only  when  no  such  compensation  occurs.  At  the  same  time  hyper- 
trophy of  the  heart  is  not  a  contra-indieation,  as  is  often  stated,  for  a 
special  strain  may  cause  excessive  dilatation  in  a  hypertrophied  heart, 
and  digitalis  may  be  necessary  until  a  second  hypertrophy  has  occurred 
and  restored  the  equilibrium  once  more. 

Digitalis  is  often  prescribed  in  tachycardia  (rapidheart)  in  orderto 
slow  the  rhythm  only,  but  if  no  other  symptoms  than  acceleration  are 
present,  other  drugs,  such  as  aconite  or  strychnine,  may  be  substituted 
for  digitalis,  and  do  not  entail  the  other  changes  in  the  circulation. 

It  has  been  mentioned  that  the  exhibition  of  digitalis  in  fever  is 
often  followed  by  a  fall  of  temperature,  and  Traube  recommended  it 
as  an  antipyretic,  but  it  is  no  longer  used  for  this  purpose,  as  the 
modem  antipyretics  are  much  more  powerful  and  certain  in  their 
action,  and  at  the  same  time  are  less  dangerous. 
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The  diuretic  action  of  digi^lis  la  also  nor  advised^  eitcept  wkere 
other  indications  than  a  diminution  of  the  renal  aecretion  are  present, 
for  in  ordinary  casea  it  has  much  less  effect  than  caffeine  and  other 
diuretics.  If  the  anuria  be  secondary  to  disturbances  of  the  circula- 
tion, however,  digitalis  is  the  diuretic  par  excellence  and  cannot  be 
replaced  by  any  of  the  ordinary  means  of  promoting  the  urinary 
secretion,  although  they  may  advantageously  be  cMnbined  with  it. 
Squills  is  more  frequently  used  as  a  diuretic  than  digitalis,  and  it 
seems  probable  that  in  addition  to  its  action  on  the  heart  and  circu- 
lation, it  exercises  some  direct  stimulant  influence  on  the  renal  epi- 
Ithelium.  Squills  and  di^^talis  are  often  prescribed  together,  where 
large  accumulations  of  fluid  have  to  be  removed.  A  famous  pill  used 
in  these  cases  contains  a  grain  each  of  digitalis,  squills  and  calomel. 

Several  of  these  drugs  are  of  considerable  benefit  in  pulmonary 
diseases  accompanied  by  cough.  Thus  in  bronchitis,  more  especially 
in  cases  of  old  standing,  the  addition  of  squills  to  an  "  expectorant 
mixture"  is  often  followed  by  the  most  satisfactory  results.  The 
action  here  is  probably  two-fold.  In  tbe  first  place,  the  right  heart 
may  be  dilated  owing  to  the  frequent  strain  put  on  it  by  coughing, 
and  squills  remedies  this  condition  by  its  usual  cardiac  action.  In 
the  second  place,  all  these  drugs  possess  to  a  certain  extent  emetic 
IHToperties,  and  thus  cause  an  increase  in  tbe  bronchial  secretion,  and 
render  the  sputum  lees  tenacious  and  more  easily  expectorated.  The 
addition  of  squills,  in  which  this  property  is  more  developed  than  in 
the  others,  has  the  same  effect  as  the  prescription  of  ipecacuanha, 
along  with  the  further  action  on  the  heart. 

Digitalis  is  sometimes  prescribed  to  stop  bffimorrhages,  but  even 
when  it  constricts  the  vessels  it  accelerates  the  flow  through  them,  and, 
as  in  the  case  of  other  hemostatics,  the  benefits  arising  from  the  treat- 
ment are  problematical.  In  the  circulatory  weakness  following  severe 
hfemorrhage  and  shock  the  effects  of  this  series  would  seem  to  be 
indicated,  were  it  possible  to  elicit  their  action  sufficiently  rapidly. 
Unfortunately  many  hours  generally  elapse  before  the  heart  and  ves- 
sels are  affected,  when  they  are  exhibited  by  the  mouth.  These  con- 
ditions are  generally  treated  by  more  rapidly  acting  measures,  such 
as  the  intravenous  injection  of  salt  solution;  the  effects  of  this  treat- 
ment are  maintained  much  longer  if  a  sm&U  quantity  of  digitalis 
tincture  is  added  to  the  salt  solution.  The  injection  of  strophantbin 
intravenously  in  doses  of  ^1  mg.  (Kao-^o  gr.)  has  been  advocated 
recently  in  emergency  cases;  this  dose  must  not  be  repeated  within 
twenty-four  hours. 

Squills  was  at  one  time  used  as  an  emetic,  but  this  cannot  be  recom- 
mended, owing  to  the  danger  of  its  absorption.  Euonymus  has  been 
employed  as  a  purgative  more  frequently  than  as  a  cardiac  remedy. 

Some  conditions  in  which  tbe  cardiac  action  of  this  series  is  to  be 
elicited  only  with  the  greatest  caution,  have  already  been  indicated. 
A  further  danger,  which  attends  the  use  of  digitalis  perhaps  More 
than  that  of  the  rest  of  tbe  series,  is  due  to  its  Omuulative  Action. 
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For  the  first  day  or  two  after  the  exhibition  of  this  dmg  no  effects 
may  be  not«d  in  the  pulse  or  general  circulation;  the  ordinary  symp- 
toma  are  then  produced,  and  if  the  drug  he  continued,  remain  fairly 
GOUEtant  for  some  time.  Sometimes  much  more  marked  symptoms  of 
digitalis  action  appear  suddenly,  however, — the  pulse  becomes  alarm- 
ingly alow  and  irregular,  the  patient  complains  of  weakness  and  faint- 
ness,  nausea  and  occasionally  vomiting,  in  fact  the  symptoms  of  the 
second  stage  set  in.  This  is  known  as  cumulative  action,  and  is  prob- 
ably due  to  irregularities  in  the  absorption  and  excretion  or  destrue- 
tion  of  the  poison.  It  is  known  that  the  absorption  is  slow,  for  12-36 
hours  may  elapse  before  any  effects  follow  the  exhibition  of  the  drug. 
.  On  the  other  hand,  the  excretion  or  destruction  must  be  equally  slow, 
for  the  symptoms  sometimes  last  for  several  days  after  it  has  been  dis- 
continued. If  then  anything  happens  to  disturb  the  equilibrium  of 
absorption  and  excretion,  if,  for  example,  the  excretion  is  slower  than 
usual,  or  if  any  irritation  of  the  stomach  and  intestines  causes  a  more 
rapid  absorption,  the  drug  accumulates  in  the  blood,  and  the  same 
effect  is  produced  as  if  a  poisonous  dose  had  been  adtninist«red.  In 
order  to  avoid  this  cumulative  effect,  the  condition  of  the  pulse  must 
be  carefully  controlled,  and  as  soon  as  the  circulation  shows  any  signs 
of  excessive  action,  the  drug  ought  to  be  discontinued  for  one  or  two 
days  and  resumed  in  smaller  quantities.  These  cases  of  poisoning  are 
not  serious  if  observed  in  time.  All  of  the  digitalis  series  hitherto 
examined  prove  to  be  cumulative  in  their  action,  but  some  of  them, 
notably  digitoxin,  are  much  more  dangerous  than  others.  In  fact, 
according  to  Fraenkel,  digitoxin  can  only  be  used  safely  in  doses 
which  induce  no  changes  in  the  pulse  for  several  days,  for  if  the  pulse 
be  slowed  by  a  single  dose,  its  repetition  within  twenty-four  hours 
induces  severe  poisoning. 

Another  disagreeable  feature  observed  in  the  use  of  this  series  is 
the  action  on  the  stomach  and  intestine.  As  has  been  noted  already, 
the  local  action  may  produce  the  usual  symptoms  of  gastric  irrita- 
tion, and  the  patient  suffers  from  loss  of  appetite,  nausea  and  gastric 
discomfort,  just  when  it  is  important  that  the  nutrition  should  be  the 
best  attainable.  Numerous  attempts  have  therefore  been  made  to 
obtain  preparations  which  possess  the  cardiac  without  the  local  action. 
Some  of  these  seem  to  be  fairly  free  from  irritant  properties;  for 
example,  some  of  the  digitalines  can  even  be  injected  subcutaneously 
without  giving  rise  to  any  irritation  or  inflammation.  But  unfor- 
tunately all  those  preparations  vary  so  much  in  strength,  even  when 
prepared  by  the  same  method,  that  their  use  is  scarcely  to  be  recom- 
mended. At  the  same  time,  in  cases  where  the  ordinary  pharma- 
copoeial  preparations  cause  marked  gastric  irritation,  some  of  the 
so-called  "  pure  principles  "  may  be  made  use  of  with  advantage. 

So  little  is  known  regarding  the  comparative  action  of  the  mem- 
bers of  this  series  that  the  special  indications  for  each  individual  are' 
altogether  indefinite.  It  is  recognized  that  strophanthus  acts  less  on 
the  vessels  than  digitalis,  and  this  gives  an  indication  for  its  use  in 
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some  cases.  On  the  other  h&nd,  squills  acts  more  on  the  kidney  tiutn 
either,  and  ia  therefore  given  frequently  as  an  adjuvant  to  digitslis  in 
cases  where  diuresis  is  desired.  It  also  irritates  the  gastric  mucons 
membrane  more,  and  is  often  used  as  an  expectorant.  But  the  details 
of  the  action  of  each  are  still  to  be  worked  out.  One  important  ques- 
tion, which  is  practically  unbroken  ground,  is  the  relative  action  of 
each  on  the  vagns  centre  and  on  the  heart.  The  beneficial  results 
from  the  use  of  digitalis  are,  as  has  been  pointed  out  already,  to  be 
ascribed  almost  entirely  to  its  action  on  the  cardiac  muscle.  The 
stimulation  of  the  vagus  may  conceivably  lessen  the  benefits  of  the 
cardiac  action  by  weakening  the  auricular  contraction  and  slowing 
the  rhythm,  so  that  it  would  he  of  considerable  interest  and  impor- 
tance to  find  a  drug  having  the  same  cardiac  action  without  the 
inhibitory,^  and,  failing  in  this,  to  compare  the  effects  of  digitalis 
alone  with  those  of  digitalis  and  a  drug  which  weakens  the  inhibitory 
action.  This  would  have  to  be  given  in  quantities  sufficient  to  pre- 
vent an  increased  inhibition  without  cutting  off  the  normal  restrain- 
ing impulses  which  pass  down  the  vagi,  and  the  treatment  would  be 
rendered  considerably  more  difficult.    • 
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'  Helleborein  haa  comparatively  little  action  on  the  inhibition,  bat  in  a  nnmber 
of  cases  of  cardiac  disease  in  which  I  liave  attempted  to  substitute  it  for  digitalis 
it  Induced  irritation  of  the  intestine  and  diarrluea  through  its  local  irritant  action. 
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XXI.    AOONITINE. 

This  series  embraces  a  number  of  alkaloids,  which  resemble  each 
other  so  closely  in  their  chemical  and  pharmacological  properties  as 
to  allow  of  their  being  treated  together.  Some  of  them  which  were 
formerly  believed  to  be  perfectly  distinct  are  now  said  to  be  identical, 
and  it  is  not  improbable  that  future  investigatioD  will  still  further 
reduce  the  numbers  of  the  group. 

These  alkaloids  are  found  in  a  number  of  species  of  the  Aconitum 
genus,  the  best  known  of  which  are  Aconitum  NapeUus,  containing 
Acomtine  (C,gH4BNOi,  or  Cb4H47N0,i),  Aconitum  ferox,  Pseu- 
daconitine  (G^^^^Oiz^f  and  Aconitum  Japonicum,  Japacotdtine 
(0„H„NO.,). 

When  aqueous  solutions  of  these  alkaloids  are  heated,  they  are  broken  up 
into  one  or  more  acids  and  simpler  bases,  so  that  they  may  be  classed  vith 
those  of  the  atropine  and  cocaine  series,  which  are  similarly  decomposed. 
Aconitiue  forms  acetic  acid  and  Benzaconine  (or  picroaconitine),  which  may 
again  be  broken  down  into  benzoic  acid  and  Aoomne,  so  that  aconitine  ia 
ac^yl-*"*"  'f yl  -npnn  i  n  p .  Pseudaconitine  forms  Pseudaconine,  ana  Japaconi- 
TneJapocomSnmhe  same  way.  These  decomposition  products  are  found 
in  the  plant  and  in  the  ordinary  preparations,  and  in  many  of  the  commercial 
"  aconitines  "  benzaconine  and  aconine  occur  in  varying  proportions,  so  that 
their  toxicity  varies  very  considerably. 

Another  alkaloid  which  resembles  aconitine  closely  in  its  pharmacologieal 
action,  but  which  is  less  known,  ia  Delpinnine.  It  is  found  in  stavesacre 
(Delphinium  Staphisagria) ,  along  with  a  numbw  of  other  bases,  which  may 
be  the  products  of  its  decomposition. 

The  symptoms  caused  by  aconitine,  pseudaconitine,  japaconitine  and  dsl- 
phinine  are  very  similar,  differing  mainly  in  degree  and  not  in  kind.  Pseuda- 
conitine is  more  poisonous  than  japaconitine  which  in  turn  is  sligfatly  more 
addve  than  aconitine.    Delphinine  is  much  less  poisonous. 

Symptoms, — After  very  large  quantities  of  aconitine  death  may 
result  instantaneously,  apparently  from  simultaneous  failure  o£  the 
heart  and  central  nervous  system. 

If  smaller  quantities  be  swallowed  there  is  noted,  after  the  ordi- 
nary bitter  taste  of  the  alkaloid,  a  feeling  of  warmth  in  the  mouth  and 
throat,  which,  agreeable  at  first,  soon  becomes  prickling  and  tingling, 
and  extends  to  the  stomach  and  eventually  to  the  skin.  This  is 
accompanied  by  a  profuse  flow  of  saliva  and  often  by  vomiting.  The 
pulse  is  very  slow  and  may  be  irregular,  and  later  becomes  weak  and 
imperceptible,  when  symptoms  of  collapse  appear.  The'  respiration 
is  slow  and  labored,  and  great  muscular  weakness  is  complained  of. 
After  a  time  the  smarting  and  tingling  of  the  skin  are  no  longer  felt, 
and  on  examination  the  cutaneous  sensibility  is  found  to  be  much 
reduced.  The  intelligence  remains  unimpaired  to  the  last  in  many 
cases,  although  unconsciousness  sometimes  occurs,  and  death  is  genei^ 
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ally,  but  not  invariably,  preceded  by  convulsioDS.  The  pupi!  is 
unaffected  except  when  convulBiona  supervene,  when  it  is  dUated. 
The  prickling  of  the  throat  and  skin  is  the  most  characteristic  symp- 
tom, and  is  practically  diagnostic  in  cases  of  poisoning,  no  other  drug 
excepting  veratrine  having  this  effect.  DeaUi  is  due  to  paralysis  of 
the  respiratory  centre  from  the  direct  action  of  the  poison,  although 
this  may  be  aided  by  aniemia  of  the  medulla  from  the  imperfect 
circulation. 

In  small  doses  aconitine  induces  slowing  of  the  heart  and  slight 
muscular  weakness,  which  is  often  accompanied  by  tingling  of  the 
lips,  tongue  and  throat. 

AcUon. — The  prickling,  tingling  sensation  is  due  to  an  affection  of 
the  Tfliminal  Organs  of  tbe  S«nsoi7  Hsrvea,  as  is  shown  by  its  appearing 
first  at  the  point  of  application  of  the  drug.  Thus,  when  aconitine  is 
swallowed  the  prickling  and  warmth  is  felt  in  the  lips,  tongue  and 
throat,  and  after  small  doses  may  be  confined  to  these  parts,  while  if 
an  ointment  containing  aconitine  be  rubbed  on  the  skin,  the  same  sen- 
sation is  induced  locally.  But  no  redness  or  swelling  of  the  skin  is 
induced,  nor  are  blisters  formed,  so  that  aconitine  differs  entirely 
from  the  class  of  skin  irritants  (page  81).  It  evidently  acts  by  stimu- 
lating the  terminations  of  the  sensory  nerv^,  more  especially  those  of 
common  sensation,  while  the  other  sensory  end  organs  have  not  been 
shown  to  be  involved.  Thus,  apart  from  the  bitter  taste  which  it 
possesses  in  common  with  all  alkaloids,  aconitine  has  no  effect  upon 
the  taste  organs  during  this  stage.  The  stimulation  afterwards  passes 
into  depression,  which  induces  a  sense  of  numbness  at  the  point  of 
application,  and  in  cases  of  poisoning,  in  all  the  surfaces  of  the  body. 
The  taste  nerves  seem  to  be  involved  in  this  effect,  if  Laborde's  state- 
ment he  correct  that  sweet  substances  have  no  taste  after  aconitine. 
The  irritation  of  the  sensory  terminations  often  causes  a  number  of 
reflexes,  such  as  sn^zing,  coughing,  increased  secretion  of  saliva  and 
vomiting,  although  some  of  these  may  be  due  in  part  to  stimulation  of 
the  medullary  centres.  Evidence  of  the  stimulation  of  Othar  Termi- 
natlona  is  presented  in  fibrillary  twitching  of  the  muscles  in  the  frog 
and  sometimes  in  mammals.  This  is  prevented  by  curara,  but  not  by 
section  of  the  nerves,  and  is  therefore  attributed  to  stimulation  of  the 
terminations  of  the  motor  nerves  in  muscles. 

The  effects  of  aconitine  on  the  Olrcnlation  are  somewhat  complex,  as 

I  the  heart  is  affected  directly  by  it,  as  well  as  through  its  inhibitory 
nerves,  and  the  vasomotor  centre  is  stimulated  in  addition.  The 
frog's  heart  is  first  accelerated  from  the  direct  action  of  the  poison, 
but  this  soon  passes  into  the  slow  pulse  and  prolonged  diastole  which 
are  characteristic  of  inhibitory  action.  The  subsequent  standstill  may 
at  first  be  removed  by  atropine,  but  somewhat  later  this  remedy  fails, 
as  the  drug  begins  to  act  directly  on  the  heart.  A  second  acceleration 
may  be  thus  induced,  but  the  contractions  soon  become  irregular  and 
groups  of  almost  normal  beats  alternate  with  peristaltic  movements 
which  fail  to  expel  any  Mood  from  the  heart.     Later,  the  large  con- 
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tractions  maj  alternate  with  periods  of  complete  quiescence  in  the 
ventricle,  wbile  the  auricles  continue  to  beat,  and  stimulation  of  the 
accelerans  nerve  is  followed  by  periods  of  regular  contraction.  The 
heart  muscle  seema  to  have  lost  in  great  part  itB  power  of  conducting 
impulses,  bo  that  the  contraction  of  the  auricle  often  fails  to  excite  a 
ventricular  systole ;  but  if  the  conductivity  be  increased  by  stimnla- 
tiou  of  the  accelerator  perv.fif  or  ii  the  ventricle  be  excited  by  a  series 
of  61MlhA"Bhock8,  it  responds  by  rhythmical  contractions. 

In  mammals  the  preliminary  quickening  of  the  heart  is  masked  by 
the  strong  stimulation  of  the  vagus  centre.  This  produces  marked 
slowing  of  the  pulse,  an  increased  dilatation  in  diastole  and  a  powerful 
systolic  contraction ;  the  amount  of  blood  leaving  the  heart  is  consid- 
erably reduced  and  the  circulation  is  slackened.  These  symptoms  are 
the  only  ones  seen  in  the  heart  except  with  very  large  doses  of  the 
drug.  They  are  shown  to  be  due  to  the  action  on  the  inhibitory 
centres  in  the  medulla  by  the  fact  that  section  of  the  vagus  brings  the 
heart  back  to  its  normal  rate  and  extent  of  contraction.  In  medicinal 
doses,  then,  the  only  effect  of  aconitine  on  the  heart  is  due  to  the  vagns 
stimulation,  the  direct  cardiac  action  not  coming  into  play,  and  the 
administration  of  aconite  in  therapeutics  is  one  of  the  best  methods 
of  eliciting  pure  and  unmixed  inhibition. 

In  fatal  doses  aconitine  exerts  a  further  action  on  the  heart,  how- 
ever, for  the  direct  muscular  action  now  comes  into  play  and  the 
heart  suddenly  accelerates  from  the  slow  vagus  rhythm  to  one  far 
above  the  normal.  SoonirregularitieafoUowof  manydifferentforma, 
one  of  the  most  common  being  reversal  of  the  beat,  in  which  the  ven- 
tricle contracts  before  the  auricle  and  gives  the  rhythm  to  the  heart. 
Eventually  the  heart  passes  into  fibrillation.  The  acceleration  is  due 
in  part  to  the  paralysis  of  the  inhibitory  mechanism,  but  this  is  insuffi- 
cient to  explain  it  wholly ;  there  is  in  addition  a  marked  augmentation 
of  the  irritability  of  the  cardiac  muscle  accompanied  by  weakened 
contractility  and  conduction.  These  changes  arise  from  direct  action 
on  the  heart  muscle,  but  there  is  no  reason  to  suppose  that  they  are 
induced  by  therapeutic  doses.  After  section  or  paralysis  of  the  vagus, 
a  much  larger  quantity  of  aconitine  is  required  to  produce  the  acceler- 
ation and  final  delirium  than  when  the  nerves  are  intact. 

The  blood-pressure  in  mammals  falls  rapidly  from  the  lessened  out- 
put of  the  heart  in  the  stage  of  vagus  stimulation.  There  is  some 
evidence  of  an  action  on  some  part  of  the  vasomotor  mechanism  as 
well,  for  some  observers  have  noted  a  rise  in  arterial  pressure  after 
aconitine  in  animals  in  which  the  vagi  had  been  divided  or  paralyzed 
before  the  exhibition  of  the  drug.  The  fact  that  the  vagus  centre  is 
so  strongly  stimulated  would  also  surest  the  probability  of  some 
increase  in  the  activity  of  the  vasomotor  area.  After  the  stage  of 
acceleration  has  set  in,  the  blood-pressure  becomes  extremely  irregular, 
alternately  sinking  to  zero  and  remaining  at  that  point  for  somo 
seconds  and  again  attaining  a  fair  height.  These  variations  are  evi- 
dently due  to  the  alternations  in  the  heart's  movements.     The  vaso- 

D,.lz..L,L.OOglC 


388         OBOANIC  SUBBTAHCS8  ACTING  AFTES  ABSOBPTIOlf. 

motor  centre  seems  eventually  to  become  paralyzed,  for  it  has  been 
found  that  stimulation  of  an  afferent  nerve  produced  no  change  in 
the  tension,  while  stimulation  of  the  efferent  vasomotor  nerves  still 
caused  a  marked  increase.  The  vasomotor  nerves  and  their  termina- 
tions in  the  periphery  seem  to  be  unaffected  by  this  poison. 

The  Baspiration  is  early  affected  by  aconitine;  it  becomes  much 
slower,  the  movements  are  more  labored  than  normally,  and  the 
animal  suffers  from  marked  dyspnoea.  The  accessory  respiratory 
muscles  contract  vigorously,  and  the  movements  of  the  abdominal 
expiratory  muscles  are  so  powerful  as  to  sugf^est  the  movements  of 
vomiting  rather  than  of  respiration.  In  fatal  cases  the  respiration 
soon  becomes  interrupted  by  convulsions,  and  in  the  intervals  between 
these  becomes  weaker  and  eventually  ceases.  Various  explanations 
of  the  respiratory  phenomena  have  been  given.  It  is  certainly  not 
due  to  action  on  the  phrenic  terminations,  for  the  diaphragm  con- 
tracts on  electrical  stimulation  of  these  nerves  after  its  spontaneous 
movements  have  ceased.  The  dyspncea  resembles  somewhat  that  seen 
on  stimulation  of  the  centripetal  fibres  of  the  vagus,  and  the  theory 
has  been  propounded  that  aconitine  stimulates  the  vagus  terminations 
in  the  lungs  in  the  same  way  as  the  sensory  terminations  in  the  skin. 
The  same  dyspnoea  is  seen,  however,  when  aconite  is  given  after  section 
of  the  vagi,  so  that  it  seems  to  be  due  to  some  action  on  the  respira- 
tory centre. 

The  action  of  aconitine  on  the  Central  Nervous  Syat«m  is  still  a 
matter  of  dispute,  as  the  effects  on  the  peripheral  nerve-ends  tend  to 
obscure  the  symptoms,  but  there  can  be  no  doubt  that  certain  parts 
are  stimulated.  Thus,  the  vagus  centre  is  undoubtedly  thrown  into 
a  i-nTn^itinTi  ^^  iT|p.rrnir''^  i— ;t-t.;^;tj  foj.  inhj^ti^on  pfjthe  heart  is  a 
marked  feature  of  the  action.  ProbaWy  tne  vaso-constrictor  centre 
alsiTllIldUl^uLB  BuuiL  iiltmuTaTioii7 and  the  vomiting  so  often  seen  may 
be  caused,  at  least  in  part,  by  increased  irritability  of  the  medullary 
centres.  The  convulsions  seen  in  both  cold-  and  warm-blooded  ani- 
mals also  point  to  central  stimulation,  and  the  respiratory  symptoms 
are  certainly  of  central  origin,  though  their  explanation  is  still  un- 
known. The  higher  centres  seem  to  be  almost  unaffected  by  the  drug, 
for  consciousness  has  often  remained  to  the  end,  and  when  this  is  not 
the  case,  the  mental  symptoms  are  to  be  ascribed  to  the  changes  in  the 
heart  and  respiration.  The  stimulation  produced  by  aconitine  is 
therefore  confined  to  some  of  the  lower  divisions  of  the  central  ner- 
vous system — more  particularly  to  the  medulla  oblongata.  Some 
authors  suppose  that  the  paralyzing  action  which  succeeds  the  stimu- 
lation is  more  marked  in  the  sensory  than  in  the  motor  sphere  and  as 
evidence  of  this  it  has  been  pointed  out  that  in  frogs  the  reflexes  dis- 
appear before  the  voluntary  movements,  but  this  is  explained  by  the 
antestbetic  action  of  aconitine  on  the  skin  and  cannot  be  accepted  as 
evidence.  The  paralysis  advances  much  more  rapidly  in  the  respira- 
tory centre  than  elsewhere  and  death  occurs  from  asphyxia,  while  the 
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rest  of  the  central  nervous  eyBtem  is  shown  to  be  still  irritable  by  the 
occurrence  of  convulsions. 

The  muscular  weakness  often  complained  of  after  comparatively 
smell  quantities  may  be  due  to  the  depression  of  the  circulation 
through  the  inhibitory  action,  or  to  nausea. 

The  Secretion  of  saliva  is  greatly  increased  by  aconitine  from  the 
irritation  of  the  sensory  terminations  in  the  mouth  and  from  the 
nausea.  The  cold  perspiration  observed  in  poisoning  may  be  ascribed 
to  the  collapse  rather  Uian  to  any  direct  action  on  the  sweat  glands, 
although  Aubert  states  that  aconitine  is  a  powerful  diaphoretic  in 
itself. 

Aconitine  causes  a  marked  fall  of  Temperatnre  both  in  fever  and  in 
normal  animals,  but  the  precise  way  in  which  this  action  is  elicited  is 
unknown.  Brunton  and  Cash  found  that  after  aconite  the  tempera- 
ture fell  more  rapidly  than  usual  if  the  animal  was  kept  in  a  cool  bath, 
but  rose  more  readily  if  it  was  subjected  to  external  warmth.  The 
fall  in  temperature  is  generally  ascribed  to  the  depression  of  the  cir- 
culation from  the  inhibitory  action,  but  this  observation  would  seem 
to  indicate  that  aconite  also  acts  upon  the  centres  regulating  the  tem- 
perature of  the  body. 

In  cases  of  Poisoning  in  animals  atropine  has  been  found  to  aUeviate 
the  symptoms  and  not  infrequently  to  lead  to  recovery  after  doses 
which  would  otherwise  have  been  fatal.  This  improvement  is  more 
especially  marked  in  the  respiration  which  may  resume  its  normal 
character  and  persist  until  heart  paralysis  sets  in.  Boehm  explained 
this  by  a  supposed  action  on  the  terminations  of  the  vagus  in  the  lung^ 
but  it  is  more  probably  to  be  ascribed  to  the  stimulant  action  of  atro- 
pine on  the  respiratory  centre.  In  those  cases  the  cause  of  death  is 
said  to  be  cardiac  paralysis,  but  the  stage  of  irregularity  and  the  final 
delirium  cordis  is  certainly  retarded  very  considerably  by  atropine. 
Atropine  appears  to  be  the  antidote  from  which  most  is  to  be  hoped 
for  in  cases  of  aconite  poisoning. 

Aconitine  is  Excreted  mainly  by  the  urine.  Minute  quantities  have 
also  been  found  in  the  saliva  and  bile. 

Bensaconlne  is  very  much  less  poisonous  than  aconitine  and,  in  fact,  can 
iicarcel;  be  included  among  active  poisons,  though  very  large  quautitiea  acl 
on  the  heart,  slowing  it  and  rendering  it  irregular,  and  also  depress  the 
respiration.  It  has  no  eifect  on  the  sensor;  terminations.  Aconine  itself  Is 
almost  inactive,  but  large  quantities  strengthen  the  heart  beat  and  paralyze 
the  terminations  of  the  motor  nerves  like  cnrara.  It  seems  unlikely  that 
these  alkaloids  have  any  influence  on  the  action  of  the  aconite  preparations, 
although  the  possibility  cannot  be  excluded  at  present. 

The  alkaloids  obtained  from  some  other  species  of  Aconitum  have  been 
found  to  differ  considerably  from  aconitine  and  pseudaconitine  in  their  action. 
In  Aconitum  septentrion^e  three  bases  lappaconitine,  septentrionaline  and 
eynoetonine  have  been  discovered.  Lappaconitine  causes  clonic  convulsions, 
vomiting,  dyspntes  and  finally  paralysis  of  the  respiration  and  heart,  and  in 
the  frog  lessens  the  sensibility  of  the  skin.  Septentrionaline  does  not  cause 
poisoning  when  taken  iatemally,  but  injected  subcutaneously  induces  local 
BUEBsthesia  and  later  paralysis  of  the  motor  terminations  like  eurara.     Cynoc- 
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tonine  is  bIso  inactive  when  swallowed  and  is  less  poisanoiis  than  the  others 
when  applied  by  hypodermic  injectiott,  when  it  causes  tonic  and  clonic  convnl- 
sions  which  are  not  generally  followed  by  paralysis.  Two  alkaloids,  lycaetmi- 
tine  and  m^foetonine,  have  been  found  in  Aconitum  lycoctonum,  and  indnee 
almost  identical  symptoms.  They  increase  the  reflex  excitability,  and  this  is 
followed  by  convnlsions  and  later  by  paralysis  of  the  tennioationB  of  the 
motor  nerves  and  by  failure  of  the  heart. 

Fbeparatioit  s. 
Aconitnm  (U.  S.  P.),  Aconhi  B«diz  (B.  P.),  the  root  of  Aeonitmn  Napd- 
.  •         lus,  monk's-hood,  containing'  0.5  per  cent,  of  aconitine. 
\*\^'  TuiCEQU^&aUttJS  (U.  S.  p.),  0.045  per  cent.;  dose,  0.6  c.c  (8  mins.)- 
C   ^  TiKCTDBA  AcONin  (B.  p.),  5-15  mins.     If  frequently  repeated,  2-&  -naja. 

Fluidextractum  Aconiti  (U.  S.  P.),  (0.4  per  cent.),  0.05  cc.  (1  min.). 
Linimentum  Aconiti  (B,  P.). 

^amUmf  (U.  S.  P.,  B.  P.),  an  alkaloid  obtained  from  aconite  root.    Com- 
■r^ercial  aconitine  very  often  contains  lar^  amounts  of  aconine  and  bensaco- 
y  J^  nine,  and  therefore  varies  considerably  in  activity.    Dose  0.15  mg.  (^Jq  gr.). 
lA  Unguentum  Aconilinte  (B.  P.),  2  per  cent. 

SUphlsagrla  (U.  S.  P.),  Staphlsagris  Semln&  (B.  P.),  the  dried  ripe 
seeds  of  Delphinium  staphisagna,  stavesaere. 

nierapeutlc  Uses. — Aconite  is  employed  to  a  couBiderable  extent  in 
England,  the  United  States  and  France,  while  it  has  fallen  into  disuse 
in  some  other  countries.     Its  pharmacological  action  suggests  its  use 
j  to  slow  and  weaken  the  heart  and  circulation,  to  lower  the  temperature 
7  and  to  benumb  the  terminations  of  the  sensory  nerves  in  the  skin. 
7  Digitalis  is  often  prescribed  to  slow  the  pulse,  but  it  has  other  eflFecta 
on  the  heart  and  circulation,  and  where  these  are  not  indicated  aconite 
may  well  be  used.     Both  drugs  slow  the  pulse  in  the  same  way,  but . 
while  aconite  slackens  the  circulation  and  lowers  the  blood-pressure, 
■     digitalis  accelerates  the  blood  current  and  increases  the  arterial  tension. 
The  temperature  is  also  reduced  by  aconite,  but  the  newer  anti- 
pyretics have  supplanted  it  for  this  purpose,  as  they  are  more  certain 
and  more  powerful  in  their  effects.     The  tincture  is  still  prescribed, 
however,  and  ought  to  be  given  in  small  repeated  doses.     When  fever 
is  attended  by  a  very  quick  pulse,  aconite  is  especially  likely  to  be 
of  service,  but  it  ought  to  be  avoided  when  the  heart  is  very  weak. 

The  action  of  aconitine  on  the  sensory  nerve  terminations  has  been 
taken  advantage  of  in  cases  of  neuralgia,  and  there  is  decidedly  much 
more  reason  for  its  use  than  for  that  of  the  great  majority  of  drugs 
reputed  to  be  beneficial  in  this  condition.  Either  the  tincture,  or  a  3 
per  cent,  solution  of  the  alkaloid  in  oil,  or  the  ointment  of  the  B.  P. 
may  be  employed  externally.  Aconitine  has  also  been  injected  sub- 
cutaneously  {J4oo-^o  mg.)  in  neuralgia,  but  this  mode  of  application 
is  not  to  be  recommended,  as  it  causes  very  severe  pain,  whieb  in  some 
cases  lasts  a  long  time.  The  internal  administration  of  aconite  in 
neuralgia  does  not  seem  to  be  followed  by  any  improvement.  Staves- 
acre  is  scarcely  used  in  medicine  at  present. 
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Several  species  of  the  genus  Yeratrum  have  been  found  to  contain 
alkaloids,  the  most  important  of  which  resemble  each  other  in  many 
respects,  and  alio  present  many  points  of  analogy  to  those  of  the  pre- 
ceding group. 

The  chief  members  of  this  series  are  Verairine  (cevadine)  and 
ProtoveratriTie,  the  fonner  of  which  is  found  in  Veratrum  Sabadilla 
(Asagreea  officinalis  or  Schcenocaulon  officinale),  cevadilla,  and  in 
Veratrum  viride.  Green  HpHpb|[]-fi^^  wViilft  the  latter  ie  the  chief  active 
pfinciple  of  Veratrum  album,  White  Hellebore.' 

Each  of  these  alkaloids  is  accompanied  by  a  Dumber  of  otberB,  most  of  i 
which  are  entirely  inactive,  while  several  of  them  are  only  weak  poisons 
and  possess  little  interest.  Id  cevadilla,  in  addition  to  Veratnne,  there  are  | 
found  CevadiUine,  Sabadine,  Sabadmine  and  another  base,  which  is  known  as 
the  Veratrine  of  Wright  or  Couerbe.  In  white  hellebore  Protoveratrine  is 
accompanied  by  Jervine,  Paeudojervine,  Rubijervine,  Protoveratridiiu  and 
others.  Green  hellebore  contains  a  little  Veratrine  along  with  Jervirte,  Paeu- 
dojervine and  Rubijervine.  Jervine,  Sabadine  and  Sabadinine  are  known  to 
possess  some  action  on  the  organism;  cevadilline  and  Wright's  veratrine  have 
not  been  examined,  while  the  others  are  said  to  be  inactive. 

Veratrine  (C^^O,)  and  protoveratrine  (C,^,NO„)  are  both  powerful 
alkaloids,  the  latter  almost  rivaling  aconitine  in  its  toxicity.  Yeratrine  can 
be  decomposed  into  angelic  acid  and  a  base,  eevine,  which  seems  to  be  nearly 
related  to  aconine.  Protoveratrine  is  probably  a  combination  of  isobutyric 
acid  and  a  similar  base.  VpT^itj^jjn  pecurB  ■[)  tfflf  •^'"''"ii,  ""»  crystalline,  the  f 
~ier  amorphous;  the  one  passes  efisily  into  the  other,  and  theur  eifects  aire 


The  effects  of  veratrine  on  the  central  nervous  aystem  and  the  sen- 
sory terminations  resemble  those  of  aconitine  very  closely.  On  the 
other  hand  the  muscles  present  a  curious  reaction  to  veratrine,  which 
is  entirely  absent  in  aconitine  poisoning. 

SymptoiuB. — The  symptoms  in  man  and  other  mammals  commence 
with  prickling  and  burning  in  the  mouth  followed  by  a  sensation  of 
warmth  in  the  stomach,  marked  salivation,  nausea  and  vomiting. 
The  bowel  is  more  involved  in  the  effects  than  is  the  case  in  aconitine 
poisoning,  for  violent  purging  accompanied  by  severe  colic  is  a  com- 
mon symptom.     The  prickling  sensation  soon  spreads  from  the  mouth 
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and  throat  to  the  skin,  and  ia  generally  followed  by  profuse  perspira- 
tion. The  pulse  becomes  slow  and  irregular,  the  respirations  slow 
and  labored.  Fibrillary  contractions  of  the  muscles  and  convulsions 
are  generally  observed,  and  after  some  time  collapse  sets  in  and  is 
followed  by  unconsciousness  and  eventually  by  respiratory  failure. 

Action. — When  veratrine  is  applied  in  ointment  to  the  Skin  the 
same  prickling,  warm  Bensation  may  be  dicited  locally,  and  some  of 
the  poison  is  absorbed,  as  is  shown  by  these  symptoms  sometimes 
occurring  in  other  parts  of  the  body.  The  cause  of  this  is,  as  in  the 
case  of  aconite,  stimulation  of  the  terminations  of  the  sensory  nerves. 
This  action  causes  violent  sneezing  and  coughing  when  small  quanti- 
ties of  veratrine  come  in  contact  with  the  sensitive  mucous  membranes 
of  the  nose  and  throat,  and  Sabadilla  is  therefore  known  popularly 
in  (Sermany  as  Nieswurz  (Sneeze-wort).  After  the  irritant  action 
has  lasted  for  some  time,  the  sensory  terminations  in  the  skin  become 
less  sensitive,  and  a  feeling  of  numbness  and  of  cold  is  noted.  Proto- 
veratrine  seems  to  cause  less  irritation  of  the  sensory  terminations 
than  veratrine,  and  the  subsequent  local  antestbesia  is  more  complete. 

The  Terminations  of  the  Motor  Nerves  are  paralyzed  in  the  frog  by 
large  quantities  of  veratrine,  but  this  paralysis  is  not  preceded  by  an 
increase  in  their  irritability,  as  was  formerly  supposed. 

Nausea  and  Vomitlnic  which  are  invariably  present  in  veratrine 
poisoning  may'be  due  in  part  to  the  irritation  of  the  sensory  termi- 
nations of  the  stomach,  but  must  probably  be  attributed  for  the  chief 
part  to  central  action.  The  salivation  may  be  merely  secondary  to 
this  emetic  effect,  or  the  poison  may  act  on  the  salivary  gland  directly. 
Nothing  is  known  with  certainty  regarding  the  cause  of  the  Purgation, 
but  it  .is  presumably  induced  by  some  action  on  the  nervous  mech- 
anism of  the  intestine.  The  profuse  Fersplratton  which  follows  the 
injection  of  large  quantities  of  veratrine,  and  the  cutaneous  secretion 
noted  in  the  itog,  have  been  attributed  to  stimulation  of  the  termina- 
tions of  the  nerves  regulating  the  activity  of  the  glands. 

The  most  characteristic  action  of  veratrine,  however,  is  that  on  the 
Striated  Unscles.  If  a  small  quantity  be  injected  into  the  lymph-sac 
of  a  frog  a  curious  clumsiness  and  awkwardness  in  the  movements 
becomes  apparent,  and  after  a  few  minutes  it  is  evident  that  this  is 
due  to  inability  to  relax  its  muscles.  When  a  muscle  is  exposed,  it  is 
seen  to  contract  as  rapidly  as  usual,  but  instead  of  immediately  relax- 
ing again,  it  remains  shortened  and  offers  resistance  to  the  contraction 
of  the  opposing  muscles.  The  animal  can  no  longer  coordinate  its 
movemente  therefore;  for  example,  it  can  no  longer  extend  a  limb 
immediately  after  flexing  it,  as  it  does  ordinarily  in  crawling,  and 
locomotion  becomes  very  alow  and  ungainly. 

This  characteristic  action  is  most  easily  seen  on  comparing  the 
tracings  obtained  from  a  muscle  stimulated  directly  by  single  induc- 
tion shocks  before  and  after  the  application  of  veratrine  (Fig,  63). 
In  the  first  part  of  the  tracing  it  will  be  observed  that  the  height  of 
the  contraction  is  increased  by  veratrine,  hut  this  feature  sinks  into 
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the  background  before  tbe  marked  prolongation  of  the  second  part  of 
the  curve.  Instead  of  the  almost  instantaneous  return  to  the  base 
line  seen  in  the  normal  tracing,  the  curve  shows  generally  a  slight 
undulation,  and  then  a  very  slow  fall,  the  period  of  relaxation  gener- 
ally being  20-30  times  as  long  as  that  in  the  unpoisoned  muscle,  and 
the  whole  contraction  lasting  5—10  seconds  in  favorable  circumstances. 
If,  however,  the  muscle  be  stimulated  repeatedly  at  short  intervals, 
so  as  to  induce  fatigue,  the  length  of  the  curve  decreases  until  it  can- 
not be  distinguished  from  the  ordinary  muscle  tracing;  a  similar 
effect  is  produced  by  subjecting  it  to  cold,  or  by  heating  it  beyond  a 


TracIUBs  of  miuenlBr  contractlona  from  tbe  gutrocnemliu  of  the  frog,  a,  DormaL 
b,  tbree  luccenlve  contraetlona  taken  at  loterrala  of  Mie  mlnate,  llTe  mlnntea  after  tbe 
Injectloa  of  veratrliie.  The  contraction  !■  higher  and  mneh  more  piolooged  than  In  a, 
aod  the  lerer  retnrna  very  alowlf  to  the  baae  line. 

certain  point,  while  moderate  heat  increases  the  abnormalities  of  the  I 
tracing.     If  an  unpoisoned  muscle  be  stimulated  repeatedly,  so  as  to  1 
induce  fatigue,  and  vcratrine  be  then  injected,  it  is  found  that  a  1 
marked  improvement  in  the  contraction  occurs,  so  that  while  fatigue  ,  i 
lessens  the  prolongation  of  tbe  veratrine  curve,  veratrine  removes  to 
some  extent  tha  effect  of  fatigue.     In  the  prolonged  contraction  more 
enei^  is  used  up  than  usual,  and  the  amount  of  heat  formed  during     ' 
muscular  contraction  is  therefore  increased  by  veratrine.     Besides 
the  alterations  seen  in  the  tracing,  veratrine  increases  the  Irritability 
and  absolute  strength,  so  that  the  muscle  reacts  to  weal^r  stimuli  and 
contracts  against  a  greater  weight  than  usaal. 

The  muscular  phenomena  are  best  observed  in  the  frog,  but  can 
also  be  elicited  in  warm-blooded  animals,  although  in  tbe  latter  they 
do  not  play  such  an  important  role  in  the  symptoms  of  poisoning.  In 
the  frog  the  muscle  is  finally  paralyzed,  but  this  does  not  occur  in 
mammals,  as  here  the  respiratory  centre  fails  long  before  the  quantity 
of  veratrine  necessary  to  induce  this  effect  has  been  absorbed. 

The  first  explanation  that  suggests  itself  for  the  curious  muscular 
phenomena,  that  they  are  due  to  some  change  in  the  nervous  system. 
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is  negatived  by  the  fact  that  excised  mascles  ehow  exactly  the  same 
reaction,     Bezold  explained  the  prolongation  hy  supposing  that  a 
change  was  produced  in  the  muGcle  substance,  by  virtue  of  which  a 
single  stimulus  was  enabled  to  set  up  a  tetanic  contraction ;  but  this 
is  sh&wn  to  be  incorrect,  for  if  the  nerve  of  another  nerve-muscle 
preparation  be  laid  on  the  veratrinized  muscle,  no  secondary  tetania 
is  set  up  in  it,  as  would  be  the  case  if  the  first  muscle  were  undergoing 
tetanic  contraction.     The  generally  accepted  view  is  that  veratrine 
increases  the  catabolic  changes  in  muscle,  and  thereby  induces  a  pro- 
longation of  the  period  of  active  contraction,  as  well  as  an  increase 
in  the  height  of  contraction  and  in  the  absolute  strength.     Fatigue, 
:  by  reducing  the  amount  of  substance  capable  of  undergoing  catabolic 
[  change,  and  cold,  by  increasing  its  stability,  counteract  the  effects  pf 
'  veratrine. 

In  the  tracing  of  veratrinized  mnscle  a  carioos  vmdulation  is  frequently 
Been  at  the  top  of  the  eontraction,  or  the  ascent  may  at  firat  be  rapid,  then 
slower,  and  then  again  more  rapid.  This  has  been  ascribed  to  veratrine 
acting  differently  on  the  two  forms  of  muscle  fibre,  the  gray  and  the  red,  but 
this  explanation  has  recently  been  ehown  to  be  erroneous  (Carrallo  and 
Weiss).  Botazzi  supposes  that  the  initial  contraction  is  dne  to  the  aniso- 
tropous  substance,  while  the  secondary  slower  and  prolonged  contraction  is 
indaced  by  increased  activity  of  the  sarcoplasm.  The  electrical  oi^an  of 
the  torpedo  is  apparently  affected  by  veratrine  in  the  same  way  as  striated 
muscle. 

Waller  has  recently  shown  that  veratrine  abolishes  the  irritability 
of  the  peripheral  nerves  when  a  solution  is  applied  to  them  directly. 

ProtOTflnttrine  differs  entirely  from  veratrine  in  its  effects  on  tho 
muscles  and  the  terminations  of  the  motor  nerves.  The  latter  are  not 
paralyzed  even  by  the  largest  quantities,  while  the  contraction  of  the 
muscle  is  rather  shortened  than  prolonged.  The  contraction  is  higher 
and  the  absolute  strength  is  increased,  but  fatigue  is  induced  more 
readily  than  in  the  unpoisoned  muscle,  so  that  protoveratrine  appears 
to  increase  the  muscular  force  temporarily,  but  leads  to  its  early 
exhaustion. 

Oircnlation. — The  ventricular  muscle  of  the  frog's  heart  is  affected 
by  veratrine  in  very  much  the  same  way  as  the  ordinary  striated 
muscle,  while  the  auricular  muscle,  consisting  chiefly  of  unstriated 
fibres,  is  much  less  altered.  The  ventricular  systole  isatfirat  stronger 
and  more  prolonged ;  somewhat  later  one  part  of  the  ventricle  is  seen 
to  remain  contracted  during  the  alternate  diastoles  of  the  rest,  and 
waves  of  contraction  spread  over  the  heart  resembling  the  peristaltic 
movements  of  the  intestine  rather  than  the  ordinary  contractions  of 
the  heart.  The  whole  ventricle  is  smaller  than  usual,  and  but  little 
blood  is  expelled  into  the  aorta.  Still  later  the  persistent  contraction 
spreads  over  the  whole  ventricle,  so  that  it  dilates  only  half  as  often 
as  it  did  at  first,  while  the  auricles  maintain  their  original  rhythm. 
This  is  evidently  due  to  action  on  the  muscle;  the  contraction  is  so 
prolonged  as  to  limit  the  number  of  diastoles,  and  the  ventricle  can 
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therefore  react  only  to  every  alternate  contraction  of  the  auricle. 
After  this  "  half -rhythm  "  has  persisted  for  some  time,  the  contrac- 
tions hecome  slower  and  weaker,  and  the  heart  finally  comes  to  a 
standstill.  The  behavior  of  a  frog's  heart  under  veratrine  resembles 
closely  that  characteristic  of  the  digitalis  series. 

In  mammals  the  chief  circulatory  symptoms  arise  from  stimulation 
of  the  medullary  centres  resembling  that  seen  in  the  earlier  stages  of 
aconite  poisoning.  The  stimulation  of  the  cardiac  inhibitory  centre 
produces  slowing  of  the  heart  and  a  decrease  in  its  output,  while  at 
the  same  time  the  peripheral  vessels  are  contracted  by  the  increased 
activity  of  the  vasomotor  centre.  After  large  quantities  the  termi- 
nations of  the  vagus  are  paralyzed,  and  the  vasomotor  centre  is  at 
the  same  time  depressed,  so  that  the  pulse  becomes  quicker,  but  the 
blood-presBure  is  somewhat  lowered.  In  the  mammalian  heart  no 
such  prolongation  in  the  systole  is  seen  as  in  the  frog's,  but  that  a 
slight  stimulant  action  is  exercised  by  veratrine  is  shown  by  the  fact 
that  very  large  doses  quicken  the  rhythm  even  after  atropine.  Vera- 
trine, therefore,  seems  to  resemble  aconitine  in  its  effects  on  the  mam- 
malian circulation,  but  much  larger  quantities  are  required  to  pro- 
duce the  same  effects,  and  the  more  evident  symptoms  of  stimulation 
of  the  myocardium  are  not  elicited. 

The  BAspiratorr  Oliutges  under  veratrine  also  resemble  those  under 
aconitine,  and  in  both  the  cause  of  death  is  the  same — paralysis  of 
the  respiration. 

The  Central  Nervotu  System  seems  to  undergo  stimulation  under 
veratrine  as  under  aconitine.  This  is  evidenced  by  the  convulsions 
seen  in  mammals  as  well  as  by  the  stimulation  of  the  medullary  centres 
already  noted.  After  large  quantities  of  the  poison  this  stimulation 
gives  place  to  paralysis,  terminating  in  failure  of  the  respiration. 
The  highest  centres  seem  less  affected  than  the  spinal  cord  and  medulla 
oblongata,  for  complete  consciousness  has  remained  until  immediately 
before  death  in  several  fatal  cases. 

The  Tamperatora  is  sometimes  found  lower  than  the  normal  after 
veratrine,  probably  owing  to  the  slowing  of  the  circulation.  In  other 
cases,  when  the  convulsive  movements  are  very  marked  and  the  heat 
production  is  therefore  much  increased,  the  temperature  has  been 
found  somewhat  higher  than  usual.  In  cases  of  poisoning  in  mam- 
mals atropine  is  said  by  Lissauer  to  have  some  value,  probably  owing 
to  its  action  on  the  respiratory  centre  and  on  the  vagus  terminations 
in  the  heart. 

As  regards  the  other  alkaloids  of  this  series,  jervine,  sabadilUne  and  saba- 
dinine  seem  to  poseesB  tbe  same  action  as  veratrine,  but  are  mneb  lees  poison- 
ous. Protoveratrine,  which,  as  has  been  said,  diflfers  from  veratrine  chieflyJT 
in  not  prolonging  the  muecular  contraction  and  in  the  efFects  on  the  sensoijfl 
terminations,  is  mncb  more  poisonoas.  Its  action  resembles  that  of  aeonitine 
as  nrach  as  that  of  veratrine)  and  it  may  therefore  be  regarded  as  a  linfc  con- 
necting the  two  groaps. 
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Pbeparatioits. 
Q/y      Vqul^M  (U.  8.  P.,  B.  P.),  a  mixtore  of  alktdoida  obtained  from  the 
y'    seeds  of  Asagrsa  officinalis  (U.  B.  P.) ;  a  mixtare  of  alkaloids  prepared  from 
^      cevadiJla,  the  dried,  ripe  seeds  of  SchcenocaaloD  officinale  (B.  P.),  fonne  a 
.0  white  or  gray,  amorphous  or  semi-crTStalline  powder  without  odor,  but  eans- 

J'  ing  intense  irritation  of  the  nostrils,  with  an  acrid  taste  and  leaving  a  sensa- 

tion of  tingling  and  niunhaess  on  the  tongue.     It  is  insoluble  in  water  bnt 
soluble  in  alcohol.    It  contains  veratrine  and  the  other  alkaloids  of  the  plant. 
/Dose,  2  mg.  (,"d  gr.). 
^       TJnjiuniun  Prrnfmrr  (U.  S.  P.,  B.  P.),  4  per  cent. 
Oleatmn  Veratnna  (U.  S.  P.),  2  per  cent. 

Veratmm  (TJ.  S.  P.),  the  rhizome  and  roots  of  Yeratrum  viride,  Ameriean 
or  Qreen  Hellebore,  or  of  Veratnun  album,  White  Hellebore. 
Fltiidextraetum  Veratri,  0.1  c.c.  (1)  mins.). 
Tinetura  Ferafri,  1  c.c.  (15  mins.). 

Therapentic  Uses. — The  therapeutic  uses  of  the  raembere  of  this 
series  are  extremely  limited.  Veratrine  is  used  in  the  form  of  the 
oleate  or  ointment  ae  an  external  application  in  csBes  of  neuralgia  and 
is  certainly  a  safer  remedy  than  aconite.  Neither  its  pharmacolc^ 
ical  action  nor  therapeutic  experience  Buppliea  any  indications  for  its 
internal  use.  Veratrum  is  used  internally  in  the  same  class  of  cases 
as  aconite,  but  might  well  be  discarded  from  the  ph&rmacopceia. 
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XZm.     EUBTLNIi  (IPEOAOUAItHA). 

Ipecacuanha  (Cephselis  Ipecacuanha)  has  long  been  used  for  its 
emetic  and  expectorant  virtues,  and  was  until  recently  believed  to 
contain  only  one  alkaloid,  Emetine.  Paul  and  Cownley  have  shown, 
however,  that  this  so-called  principle  is  really  made  up  of  three  distinct 
alkaloids,  CephceUne  (G^^K^a^Os),  Emetine  (Ci,Hjg(CHg)NOB), 
and  Psychotrine,  the  first  two  of  which  are  quinoline  derivatives  and 
produce  almost  identical  effects,  while  psycbotrine  is  nearly  inert. 
Their  chief  action  is  exerted  on  the  alimentary  canal,  although  they 
are  also  local  irritants. 

STinptoins  and  Action. — When  administered  internally  emetine  has 
a  bitter,  acrid  taste,  and  produces  a  copious  salivary  secretion,  fol- 
lowed later  by  nausea  and  vomiting  wiUi  the  usual  attendant  symp- 
toms. The  drug  is  generally  largely  eliminated  by  vomiting,  so  that 
no  further  effects  are  observed. 
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When  injected  bypodermically,  fiowever,  it  inducla  nansea,  vomiting  and 
purging,  and  blood  is  frequently  voided  in  the  Btools,  a  condition  of  collapse 
follows,  and  the  animal  generally  dies  of  exhaustion  in  the  coniBe  of  a  few 
honrs  after  the  onset  of  the  symptoms.  Yeiy  lai^  qnantitiee  bjeeted  sub- 
cutaneoiisly  or  intravenonsly  may  fail  to  elicit  vomiting,  but  the  coilapee 
symptoms  appear,  and  after  some  weak  convnlsive  movements,  the  animal 
^es  of  cardiac  failure.  In  those  esses  in  which  death  follows  rapidly  on  the 
injection,  no  pathological  lesions  may  be  found  after  death,  but  in  experi- 
ments where  smaller  quantitiea  are  injected,  and  the  animal  survives  for  lS-24 
hours,  the  stomach  and  intestine  often  exhibit  the  appearances  of  an  acute 
gastro-enteritis.  The  mucous  membrane  is  swollen,  congested  and  often  cov- 
ered with  a  muco-purulent  secretion  or  studded  with  ecchymoses,  and  in  dogs 
ulceration  is  often  present.  A  lesion  which  is  not  by  any  means  constant,  but 
which  occurs  in  a  considerable  number  of  animals  and  especially  in  rabbits, 
is  oedema  of  the  Inngs. 

Emetine  possesses  a  powerful  Irritant  Local  Action,  which  is,  bow- 
ever,  much  more  marked  in  certain  individuals  than  in  others.  The 
smallest  quantity  of  the  powdered  root  of  ipecacuanha  is  sufficient 
to  induce  in  the  subjects  of  this  idiosyncrasy  considerable  swelling 
and  injection  of  the  conjunctival  and  nasal  mucous  membranes,  with 
salivation,  tears,  sneezing,  coughing  and  bronchial  catarrh.  When 
applied  to  the  skin  as  a  liniment,  it  produces  redness,  itching  and 
occasionally  a  pustnlar  eruption,  but  Lowin  states  that  the  alkaloids 
are  devoid  of  action  on  the  subcutaneous  tissues.  Its  action  on  the 
alimentary  canal  also  indicates  its  irritant  properties.  It  has  been 
much  discussed  whether  the  emesis  is  whoUy  due  to  this  irritant 
action  on  the  gastric  mucous  membrane,  or  whether  emetine,  like 
apomorphine,  has  a  specific  action  on  the  centres  in  the  medulla 
oblongata  controlling  vomiting.  In  view  of  the  fact  that  emetine, 
like  many  other  irritants  when  injected  subcutaneoualy,  has  a  specific 
action  on  the  alimentary  canal  it  seems  unnecessary  to  have  recourse 
to  any  action  on  the  central  nervous  system,  and  almost  all  the  facts 
brought  forward  as  evidence  of  this  supposed  central  action  have  been 
disproved. 

It  is  sometimes  stated  that  section  of  the  vagus  nerves  does  not  prevent 
ipecacuanha  from  causing  vomiting,  whereas  if  it  only  irritated  the  stomach, 
tilie  division  of  these  nerves  (which  are  probably  the  chief  sensory  nerves  of 
the  stomach)  ought  to  prevent  it  by  hindering  the  impulses  reaching  the 
medulla  and  setting  ap  reflex  processes  there.  Bnt  this  statement  has  been 
contradicted,  and  no  great  weight  can  be  laid  on  the  argument  in  any  case,  * 
because  section  of  the  vagns  alone  causes  violent  and  persistent  vomiting  very 
often.  Thumas  states  that  the  application  of  emetine  solutions  to  the  medulla 
provokes  vomiting,  bnt  this  method  is  so  open  to  objection  that  his  inference 
that  the  alkaloid  acts  on  the  vomiting  centre  can  hardly  be  regarded  as  justi- 
fiable. On  the  other  hand,  it  may  be  urged  that  if  emetine  acted  on  the 
medullary  centre,  vomiting  ought  to  follow  after  smaller  doses  and  more 
quickly  when  it  is  injected  suhcutaneously,  being  thus  more  rapidly  absorbed, 
than  when  it  is  taken  np  from  the  stomach.  But  this  is  not  the  case,  for 
ipecacuanha  causes  emesiB  as  soon  and  in  as  small  quantities  when  it  is  admin- 
istered by  the  stomach,  whereas  apomorphine,  which  acts  on  the  centre  directly, 
acts  much  more  rapidly  and  efficiently  when  it  is  injected  suhcutaneously. 
While  the  question  cannot  be  said  to  be  definitely  settled,  almost  all  the  facts 
point  to  peripheral  gastric,  and  not  to  central  action. 
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Emetine  injected  into  a  vein  weakens  the  heart's  action,  and  indnces  a  fall 
of  blood-pressore,  but  when  it  is  injected  BubcotaneaiiBly  or  given  h;  the 
month  the  heart  is  much  less  affected. 

In  the  frog  emetine  does  not  catise  vomiting,  but  a  slovly  advandng  central 
paralysiB  follows  its  injection,  the  Epontaneons  movements  ceasing  early,  and 
later  the  reflex  excitability  disappearing.  The  contractions  of  the  heart  are 
rendered  weak  and  irregular,  and  eventually  cease  from  paralysis  of  the  car- 
diac muscle. 

The  nausea  and  vomiting  are  accompaiiied  by  the  usual  symptoins 
'  — muscular  weaknesB  and  depression,  increased  secretion  of  saliva 
and  of  mucus  by  the  glands  of  the  throat  and  respiratory  passages, 
often  perspiration  and  generally  temporary  acceleration  of  tiie  pulse, 
(See  apomorphine,  page  240.)  Most  of  the  researches  on  whitui  the 
above  statements  are  based  have  been  performed  with  a  mixture  of 
the  alkaloids,  hut  the  two  chief  of  these  resemble  each  other  very 
closely  in  their  effect*,  cepbseline  being  somewhat  more  powerful  than 
pure  emetine. 

Emetine  and  ceph^ine  have  not  been  used  iu  practical  thera- 
peutics, various  preparations  of  the  crude  drug  being  prescribed 
instead.  Their  isolation  is  so  difficult  that  it  seems  unlikely  that  the 
pure  alkaloids  will  be  made  use  of  in  the  near  future,  and  from  a 
comparison  of  their  effects  with  that  of  ipecacuanha  it  scarcely  seema 
desirable  that  they  should  be  introduced.  For  ipecacuanha  is  much 
less  liable  to  produce  purging  than  emetine,  probably  because  the 
solution  of  the  alkaloids  is  retarded  by  the  presence  of  large  quan- 
tities of  tannin  bodies  and  other  impurities,  while  at  the  same  time 
the  emetic  action  is  but  little  slower  than  that  of  emetine. 

Preparations. 

f:tip  mnt  -fif   Cephtelis  Ipecacuanha  or  of  C. 

at  least  2  per  cent,  of  alkaloids.     The  powdered  root  ia 
dysentery  in  quautitieB  of  3-4  G.  (30-60  grs.);  emetic,  1  Q. 

.Slorantf  U.Ub  U.  (I  gP.J. " 

mhcE,    expectorant,   0.05   c.e.    (1   min.)  ;   emetic, 

1  C.C.  (15  mina.). 


U.   S.  1 
aoaminata, 


J-  'jlv^3'''lfrescribed 


gra.) ;  expecto 


io,r    l*'^    Sybupus  Ipecai 
Dwfjp'  Vyrmf  Tpiiif:Afnr*TnT;t!j 

•  *  The  same  strengui  as  lauaani 


15  mins.) ;  emetic,  15  cc 


I      expect  orant,J 
r       (4fl.  dra.). 

ET  Qpn  contains  10  p^  cent,  opium,  j.  ».,  ia  of 
m,  0.5  cc.  (8  mins.)."**"™ 
__^_^__  _Deil.(1Q  per  cent,  each  of  ipeeacoanha  and 

>  opinm),  Dover's  l^owder.  U.&  U.  (8  grs.). 

B.  P.— ipecacnanluB  Radix,  the  dried  root  of  Psychotria  Ipeoacnanha, 
expectorant,  ^-2  grs.;  emetic,  15-30  grs.;  in  dysentery,  30-60  grs. 

Extractum  Ipecaeuankce  Liquidum,  expectorant,  }-2  mina.;  emetic,  15-20 
mins. 

ViNUK  Ipecaccanh.«,  expectorant,  10-30  mins.;  emetic,  4-6  fl,  drs, 
TrochUcus  Ipecacvarikx,  contains  J  gr.  of  the  powdrared  root, 
Tbochiscus  Morphin-b  et  Ipboacdanh.!!,  each  contains  ^  gr.  of  mor- 
phine hydrochloride. 

PoLvia  Ipecacuanha  Couposmja,  Dover's  Powder,  10  per  cent  each  of 
ipecacuanha  and  opium,  5-16  gre. 

Pavla  Ipecaciumha  cum  Si^la,  4-8  gn.     This  pill  is  formed  from  Dover's 
Powder,  and  contains  about  6  per  cent  of  opinm. 
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Fhenqieatic  Uses. — Ipecacuaolia  has  been  largely  employed  a«  flu  f 
emetic,  and  although  it  has  been  replaced  for  aome  purposeB,  notably^ 
in  cases  of  poiBODing,  by  apomorphine,  it  still  has  a  certain  field  of 
usefulness  in  eases  in  which  an  emetic  is  indicated,  but  in  which 
the  hypodermic  method  is  objectionable,  as  in  children.  At  present 
ipecacuanha  is  used  chiefly  as  an  expectorant  in  the  treatment  of 
inflammatory  conditions  of  the  respiratory  passages.  For  this  pur- 
poee  it  is  prescribed  in  very  much  smaller  quantities  than  those  neces- 
sary to  produce  emesis.  It  act«  indirectly  through  its  nauseating  prop- 
erties, and  has  the  advantage  that  its  action  is  much  more  prolonged 
than  that  of  apomorphine,  and  at  the  same  time  is  not  so  depressant 
as  that  of  several  metallic  substances,  such  as  tartar  emetic,  which  are 
used  for  the  same  purpose.  It  increases  the  secretion  of  the  bronchial 
mucous  membrane,  and  further  tends  to  render  it  more  fluid,  so  that 
the  mucus  can  be  coughed  up  more  easily.  The  increased  secretion 
may  also  be  of  service  by  protecting  the  inflamed  and  irritable  mem- 
brane from  the  cold  air  and  thereby  lessening  the  cough;  opium  is 
often  added  in  order  to  further  allay  coughing  by  depressing  the 
centre,  the  well-tnown  Dover's  powder  being  a  favorite  prescription 
for  this  purpose.  When  the  secretion  of  the  bronchi  is  already  exces- 
sive, and  the  cough  is  rather  to  be  encouraged  than  repressed,  these 
preparations  are  of  course  contraindicated. 

Ipecacuanha  is  also  employed  as  a  diaphoretic,  either  alone  or  more 
commonly  as  Dover's  powder.  The  perspiration  is  not  so  copious  as 
that  following  pilocarpine  and  other  diaphoretics,  but  resembles  rather 
that  produced  by  warmth  applied  to  the  skin.  Dover's  powder  is 
therefore  a  common  remedy  in  chills  and  in  commencing  catarrh  of 
the  respiratory  passages. 

Tpj^yianha  ia  iiaed  very  Igrp*'!;"'  i"  Ayoiintfj^^  particularly  in 
amcebic  dvBenterv^  in  which  it  eeema  to  act  almost  as  &^^^£^^„JiB 
effect  is  attributed  by  some  authorities  to  the  large  amount  of  tannin 
contained  in  the  root,  and  a  preparation  of  ipecacuanha  from  which 
the  alkaloids  have  been  removed  {Ipecacuanha  Deemetinisata)  is  said 
to  be  as  valuable  in  these  cases  as  the  unaltered  drug.  Others  are 
inclined  to  ascribe  some  of  the  virtues  of  ipecacuanha  to  the  alkaloids, 
and  deny  that  the  same  results  are  obtained  by  the  use  of  this  prepa- 
ration. The  purified  powder  has  the  advantage  of  not  causing  any 
nausea  or  vomiting,  and  is  certainly  to  be  preferred  to  the  crude  root 
if  the  claims  of  its  advocates  prove  to  be  well  founded.  Very  large 
quantities  of  the  powdered  root  are  generally  required  in  dysentery. 
Many  prescribe  enough  to  cause  vomiting  at  first,  and  then  follow  this 
up  with  smaller  quantities  which  are  used  along  with  morphine  or 
ice,  or  with  sinapisms  to  lessen  the  nausea  and  vomiting.  Others 
give  a  few  drops  of  laudanum  at  once,  and  when  the  medullary  irri- 
tability is  thus  reduced,  and  there  is  less  danger  of  vomiting,  pre- 
scribe 30-60  grs.  (2-4  Or.)  of  the  powdered  root,  and  continue  the 
treatment  with  smalls  doses. 

Ipecacuanha  has  been  recommended  in  very  small  quantities  as  a 
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stomachic,  even  in  cases  of  vomitiiig,  and  its  action  on  the  mucous 
membrane  might  be  expected  to  be  of  value  in  some  cases;  but  it 
very  often  fails  to  have  any  effect,  and  is  not  widely  used  for  this 
purpose. 
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XXIV.    COLOHXOIHE. 

Colchicine  and  colchiceine  are  two  nearly  related  bodies  found  in 
the  seeds  and  corm  of  Colchicum  autumnale,  which  owes  its  activity 
to  their  presence.  They  are  generally  included  among  the  alka- 
loids, but  differ  from  the  other  members  of  this  class  in  possess- 
ing an  acid  reaction.  Their  chemical  structure  is  still  imperfectly 
known,  but  they  do  not  seem  to  contain  a  pyridine  ring;  colchicine 
[C,bHb(OCH,),(N-HCOCH3)COOCH3]  is  the  methyl  ester  of  col- 
chiceine  [C,bHo(OCHs),(NHCOCHb)COOH].  These  two  prin- 
ciples are  apparently  identical  in  their  effects,  which  are  observed 
chiefly  in  the  alimentary  canal. 

Srinptoms.— No  symptoms  whatever  follow  the  use  of  colchicum  in 
ordinary  therapeutic  quantities.  After  the  administration  of  a  poi- 
sonous dose  to  man  or  animals  several  hours  elapse  before  any  symp- 
toms are  elicited,  and  the  amount  injected  has  but  little  influence  on 
the  duration  of  this  preliminary  stage.  Whether  given  by  mouth  or 
hypodermic  ally,  colchicine  produces  symptoms  of  discomfort  in  the 
stomach  and  intestine.  Fain  in  the  gastric  region  is  followed  by 
salivation,  nausea,  vomiting  and  diarrhcea.  At  first  the  evacuations 
are  the  ordinary  contents  of  the  stomach  and  intestine,  but  after- 
wards a  quantity  of  sticky  mucous  fluid  may  be  ejected,  often  streaked 
with  blood.  Later,  a  condition  of  depression,  apathy  and  collapse 
follows,  and  the  movements  become  slow  and  difficult,  more  especiidly 
in  the  posterior  extremities,  which  eventually  become  completely 
motionless;  the  paralysis  then  progresses  upwards  until  the  move- 
ments of  the  fore  limbs  and  respiratory  muscles  are  involved,  when 
death  occurs  from  asphyxia.  In  man  the  intelligence  remains  until 
death,  though  there  is  generally  some  giddiness  and  precordial  anxiety 
and  occasionally  some  confusion  or  even  delirium  preceding  the 
collapse. 

In  mammals  poisoned  with  colchicine  the  alimentary  canal  exhibits 
all  the  appearances  of  acute  gastro-enteritis,  with  numerous  ecchy- 
moses,  especially  in  the  upper  part  of  the  bowel.  In  less  acute  cases 
these  inflammatory  symptoms  are  less  marked,  and  in  man  there  is 
seldom  more  than  catarrh  of  the  duodenum. 

The  Oizcnlation  is  but  little  affected  apparently.  In  animals  the 
blood-pressure  and  heart  rhythm  remain  normal,  and  though  a  email, 
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rapid  pulse  may  be  one  of  the  features  of  the  poisoniiig  in  man,  this 
is  due  to  the  collapse  rather  than  to  any  direct  action  ou  the  circu- 
latory organs. 

Tho  Besplrfttion  is  alow,  but  is  deep  and  full  at  first.  Later  it 
becomes  shallow,  and  the  failure  of  the  centre  is  the  cause  of  death, 
the  heart  continuing  to  beat  for  some  time  afterwards. 

The  IfoTflmentB  of  the  Bowel  are  much  hastened  when  the  symptoms 
set  in,  and  Dixon  states  that  colchicine  acts  ou  the  bowel  in  the  same 
way  as  pilocarpine,  and  that  its  action  is  antagonized  by  atropine; 
but  this  is  entirely  inadequate  to  explain  the  acute  iniBammatory 
appearances,  which  are  evidently  due  to  au  irritant  action  on  the 
mucous  membrane.  Increased  movement  is  said  to  be  induced  in 
the  plain  muscle  of  the  spleen,  uterus  and  bronchial  muscle  from  a 
pilocarpine-lite  action. 

When  Locally  Applied  to  sensitive  mucous  membranes,  or  when 
injected  hypodermically,  colchicine  is  intensely  irritating,  producing 
redness  and  pricHing  in  the  skin,  and  a  burning  sensation  in  the 
mouth  and  throat. 

The  Herrons  STmptonu  are  supposed  by  some  to  be  due  to  a  direct 
action  on  the  central  nervous  system,  but  are  to  be  ascribed  rather  to 
a  condition  of  collapse  produced  indirectly  through  the  action  on  the 
abdominal  organs. 

The  influence  of  colchicine  on  the  Eidn«ys  varies,  for  in  some  cases 
complete  anuria  is  produced  for  many  hours,  while  in  others  the  urine 
is  slightly  increased.  The  constituents  of  the  urine  are  not  materially 
altered  by  ordinary  therapeutic  doses  of  colchicum,  and,  in  particular, 
the  uric  acid  shows  no  constant  change  in  amount.  In  animals 
bloody  urine  is  sometimes  passed  after  colchicine. 

In  poisoning  with  colchicine  the  leucocytes  are  at  first  reduced  in 
the  peripheral  circulation,  but  afterwards  increase  to  beyond  the 
normal  number. 

AU  of  these  symptoms  are  exactly  those  caused  by  a  large  number 
of  poisons,  including  some  of  the  bacterial  toxins  and  the  heavy 
metals.  Many  local  irritants  when  injected  into  the  blood  or  when 
absorbed  from  the  subcutaneous  tissue  or  the  alimentary  caual,  exer- 
cise an  immediate,  local  action,  which  betrays  itself  in  pain,  or 
ecchymosis  and  swelling  at  the  point  of  injection,  but  these  symptoms 
pass  off  in  a  short  time  and  the  animal  becomes  apparently  normal 
for  many  hours  or  even  days.  At  the  end  of  this  time,  however, 
symptoms  begin  to  develop  at  two  points — in  the  alimentary  canal 
and  in  the  kidneys.  The  reason  probably  is  that  the  poisons  are 
excreted  at  these  points  and  are  either  freed  from  some  harmless  com- 
bination in  which  they  have  circulated  in  the  tissues,  or  perhaps 
collect  in  larger  quantities  in  the  excretory  organs.  At  any  rate, 
irritation  and  later  acute  inflammation  are  set  up  at  these  points. 
At  first  the  irritation  excites  only  diarrhcea  and  diuresis,  but  as  it 
goea  on,  gastroenteritis  and  anuria  or  bsematuria  may  be  produced. 
26 
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The  STmptoms  from  the  intestine  and  kidney  maj  not  be  equally  well 
marked ;  at  one  time  the  one  becomes  inflamed  while  the  other  is  only 
subjected  to  mild  stimulation,  while  at  other  times  both  are  the  seat 
of  acute  inflammation.  The  inflammation  of  the  bowel  produces  a 
condition  of  collapse,  which  is  seen  also  in  various  intestinal  diseases, 
such  as  cholera.  Sometimes  the  poisons  (and  also  cholera)  produce 
no  very  marked  symptoms  of  gastro-intestinal  disorder,  but  rather 
those  of  collapse,  but  there  is  no  reason  to  believe  that  the  collapse  is 
due  to  any  direct  action  on  the  central  nervous  system. 

In  the  frog  colchicine  has  little  or  no  effect,  but  if  the  solntion  be  exposed 
for  some  time  to  tbe  air,  it  causes  a  prolongation  of  the  muscular  contraction 
similar  to  that  seen  after  veratrine,  and  eventually  a  tetanus  resembling  that 
due  to  strychnine.  Jacobj  therefore  believes  that  in  mammals  the  ^ects  are 
not  produced  by  colchicine  itself,  but  by  a  enbstance  formed  by  its  oxidation 
in  the  tissues,  oxydicolcbicine.  The  frog's  tissues  are  unable  to  oxidize  colchi- 
cine, but  if  oxydicolchicine  be  formed  by  the  exposure  of  colchicine  to  the  air, 
it  produces  these  symptoms.  Oxydicolchicine  causes  the  same  symptoms  in 
mammals  as  colchicine. 

Pbefaoatioss. 

Oolchid  Oonrnu  (U.  8.  P.,  B.  P.),  the  corm  or  bulb  of  Colchicum  autum- 
nsJe,  containing  0,35  per  cent,  of  colchicine,  0.1-0.3  G.  (2-5  grs.). 

Extractum  Colchici  Cormi  (U.  S.  P.),  0.065  G.  (1  gr.). 

Extraetum  CoUhici  (B.  P.),  i-1  gr. 

TnnjM  CoLCHiCi  (B.  P.)  (10-30  mins.). 

Colchid  Samsn  (tJ.  S.  P.),  Oolchlci  Semlna  (B.  P.),tIieBeed  of  Cokhieum 
antumnale,  containing  0.55  per  cent,  of  colchicine,  0.2  G.  (3  grs.). 

Fluidextractum  Colehici  Seminis  (TJ.  S.  P.),  0.2  c.c.  (3  mins.). 

Tinetum  Colehici  Seminia  (U.  S.  P.),  2  c.c.  (30  mins.). 

Tinetura  Colchid  Seminum  (B.  P.),  0.3-1  c.c.  (5-15  mine.). 

Finum  Colehici  Seminis  (U.  S.  P.),  2  c.c.  (30  mins.). 

Colchicina  (TJ.  S.  P.)  (C„H,NO,),  an  alkaloid  obtained  from  colchienm, 
pale  yellow  in  color,  with  a  bitter  taste  and  characteristic  odor;  soluble  in  22 
parts  of  water  and  in  alcobol.     Dose,  0.5  mg.  [y^i;  gr.). 

Therapeutic  nses.— Colchicum  has  long  been  used  in  gout  on  purely 
empirical  grounds.  In  fact,  the  pathology  of  gout  is  so  obscure  that 
no  rational  treatment  for  it  can  be  looked  for  at  the  present  day,  and 
the  efficacy  of  colchicum  in  this  disease  can,  therefore,  be  argued 
solely  from  clinical  experience.  Most  physicians  state  that  the  pain 
in  gout  is  rapidly  relieved  by  colchicum  wine  and  that  the  attacks 
may  be  shortened  by  its  judicious  use.  Others  are  less  confident  of 
its  beneficial  action,  but  the  evidence  is  strong  enough  in  its  favor  to 
justify  its  use  in  most  cases,  especially  as  therapeutic  doses  do  not 
seem  to  involve  any  deleterious  symptoms.  Some  attempt  has  been 
made  to  place  the  practice  on  a  rational  basis  by  showing  that  it 
increases  the  excretion  of  uric  acid.  But  this  increase  in  the  uric 
acid  excretion  is  by  no  means  a  constant  result  of  colchicum  medica- 
tion, for  it  not  infrequently  has  the  opposite  effect,  and  in  gout  the 
uric  acid  excretion  does  not  seem  to  be  modified  at  all  by  colchicum, 
It  is  now  generally  agreed  that  gout  is  not  due  to  a  simple  failure 
of  the  excretion  of  uric  acid,  so  that  these  results  do  not  serve  either 
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to  support  or  condemn  the  treatment  by  colchicum.  Several  investi- 
gatora  state  that  the  excretion  of  endogenous  nric  acid  undergoes  some 
augmentation  under  colchicum,  and  thie  may  perhaps  throw  some 
light  on  the  subject  in  the  future,  though  it  ia  not  clear  whether  this 
indicates  an  increased  formation  of  the  uric  acid  or  its  diminished 
destruction  in  the  tissues. 

Colchicum  has  also  been  used  in  chronic  rheumatism,  but  here  it  is 
of  little  or  no  benefit. 

BiBLIOOBAPHY. 

JacrAj.    Areb.  f.  erp.  Path.  a.  Pbanit.,  xxrii.,  p.  119. 

S.  Poton.  Brit.  Med.  Jonrn.,  1886,  i.,  p.  377,  and  Joorn.  of  Anat.  n.  Phys., 
XX.,  p.  267. 

Fawoett.    Giiy't  Hoepitsl  Reports,  111.,  p.  115. 
Dixon  and  Maiden.    Jonni.  of  Pbydol.,  xxxrU.,  p.  50. 

XXV.    SAPONIN,  8AP0T0ZIN  AND  80LANINE. 

Tinder  this  group  are  arranged  a  number  of  glucosides  which  have 
many  features  in  common  both  in  their  chemical  properties  and  in 
their  pharmacological  action.  Many  of  them  have  not  yet  been  com- 
pletely isolated,  and  it  seems  not  unlifeely  that  several  which  are  now 
believed  to  be  distinct,  will  prove  to  be  identical.  Robert  has  found 
that  many  of  them  may  be  arranged  in  a  chemical  series  GBH:jiuaOio. 
Some  have  an  acid  reaction  and  form  salts  with  the  alkalies,  while  all 
possess  the  characteristic  glucosidal  reaction,  being  decomposed  by 
acids  and  ferments  into  sugars  and  unknown  inactive  substances. 
The  most  poisonous  among  them  are  designated  by  the  general  term 
of  Sapotoxins,  while  Saponin  may  be  used  to  include  the  less  active 
ones  and  certain  innocuous  iBomers  of  the  sapotoxins  which  are  formed 
from  them  by  boiling  with  alkalies.  These  terms  as  well  as  the  popu- 
lar names  of  several  of  the  plants  from  which  the  active  principles 
are  derived,  refer  to  the  property  they  possess  of  forming  frothy,  soap- 
like solutions  in  water  and  of  holding  insoluble  bodies  in  suspension 
in  it.  Very  often  several  of  these  bodies  are  found  in  a  single  plant, 
either  several  powerfully  poisonous  ones  (sapotoxins),  a  mixture  of 
sapotoxins  and  saponins,  or  saponins  only. 

Saponins  or  sapotoxins  are  found  in  about  150  species  of  plants. 
The  chief  of  these  are : 

Qnlllaja  sapoauia,  or  soapbark  (containing  quillajorsapotoxin  and 
quillajac  acid). 

Saponarla  offlcmalla,  or  soapwort  {saporubrin  and  aaponin). 

Cyclamen  Enropenm,  or  sowbread  (cyclamin). 

Polygala  senega  (^senegin  and  polygalic  acid). 

Agrostemma glthago,  or  corncockle  {agrosienimw-sapotoxin  and  acid). 

Gypsopbila  strnthinm  and  other  species  (gypsophila-sapoioxin). 

OliainKlirinm  Inteam,  or  blazing  star  {chamcEliriuvirsapotoj^n) . 

Smilax,  various  species,  including  those  known  as  sarsaparilla  (sar- 
saponin,  sarsaparilla^saponin  and  pariUin  or  smilacin). 

In  addition  to  the  plants,  which  owe  their  action  to  the  presence 
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of  these  bodies,  a  mimber  of  drugs  contain  saponins  along  with  other 
more  important  principles.  Thus  an  almost  inactive  saponin  {digi- 
tonin)  is  met  with  in  digitalis,  and  similar  saponins  probably  occur 
in  several  others  of  the  digitalis  series,  although  they  have  not  yet 
been  isolated. 

The  most  poisonous  of  these  are  the  sapotoxins  of  quUlaja,  agros- 
temma  and  gypaophila,  quillajac  acid  and  cyclamin.  Senegin  is  only 
about  one  tenth  as  poisonous  as  quillaja-sapotoxin,  and  the  Baponins 
prepared  from  the  sapotoxins  are  still  less  dangerous. 

Another  body  closely  resembling  the  saponins  in  action  is  Solanine, 
a  glucosidal  alkaloid  found  in  many  species  of  Solanum,  such  as  S. 
nigrum  (black  nightshade),  S.  dulcamara  (bittersweet),  S.  tuberosum 
(potato),  and  probably  in  some  species  of  Scopola.  In  Solanum 
nigrum  and  S.  dulcamara  it  is  accompanied  by  small  quantities  of 
one  or  more  bases  resembling  atropine,  while  in  dulcamara  a  gluco- 
sidal body,  Bulcamarin,  has  been  found  also  belonging  to  the  sapotoxin 
series.  Solanine  breaks  up  on  being  heated  with  acids  into  sugar  and 
a  base,  Solanidine,  which  retains  the  poisonous  action.  In  some  plants 
both  solanine  and  solanidine  seem  to  be  present. 

Its  chief  importance  arises  from  its  occurrence  in  the  potato,  which 
has  given  rise  to  widespread  poisoning  in  several  instances.  The 
amount  of  solanine  in  the  potato  is  in  general  too  small  to  provoke 
poisonous  symptoms,  even  when  enormous  quantities  are  eaten,  but 
when  the  potatoes  begin  to  sprout  in  damp  cellars,  the  percentage  of 
solanine  rapidly  increases,  especially  in  the  green  buds  and  the  small 
young  tubers.  In  old,  rotting  potatoes  it  may  also  become  danger- 
ously high,  hut  cases  of  poisoning  are  more  likely  to  arise  from  the 
use  of  the  green,  unripe  potatoes  than  from  those  which  are  obviously 
unfit  for  use.  Weil  states  that  the  increase  in  solanine  seen  in  pota- 
toes that  have  been  kept  too  long  is  due  to  the  presence  of  bacteria 
which  form  this  alkaloid  from  the  potato. 

In  any  cage  the  potato  skins  contain  nearly  half  of  the  solanine, 
and  if  these  be  removed  before  boiling,  a  considerable  part  of  the 
alkaloid  contained  in  the  edible  part  is  extracted  by  the  water. 

Action. — The  sapotoxins  possess  a  very  irritant  local  action,  and 
produce  acute  inflammation  of  the  alimentary  canal  and  extravasa- 
tions in  various  organs,  when  they  are  carried  to  them  by  the  blood. 
They  also  destroy  Qie  red  blood  cells  when  brought  into  contact  with 
them. 

They  have  a  harsh,  acrid,  unpleasant  taste,  and  when  swallowed 
provoke  nausea  and  often  vomiting,  with  pain  and  colic,  and  less  fre- 
quently diarrhcea.  They  are  not  absorbed  by  the  normal  epithelium 
of  the  alimentary  canal,  and  seem  to  undergo  decomposition  in  the 
bowel,  and  therefore  fail  to  produce  general  symptoms.  Thus  pigs 
feed  with  avidity  on  Cyclamen  and  are  unharmed  by  it  unless  some 
lesion  of  the  intestine  is  present.  The  unbroken  skin  ia  not  affected 
by  a  single  application  as  a  general  rule,  and  absorption  is  extremely 
slow  from  the  subcutaneous  tissues,  in  which  they  act  as  irritants, 
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however,  and  produce  inflammation  and  suppuration.  The  sapotoxin 
derived  from  Agrostemma  differs  from  the  others  in  being  absorbed 
fairly  rapidly  from  the  alimentary  canal  and  from  the  subcutaneons 
tisBQes,  80  that  more  dangerous  symptoms  may  arise  from  it  than 
from  the  other  members  of  the  series. 

In  an  epidemic  of  solanine  poisoQing  from  potatoes  described  by 
Schmiedeberg,  the  symptoms  consisted  of  headache,  colic,  vomiting 
and  diarrh<ea,  general  depression  and  weakness,  and  some  mental  con- 
fusion. In  severe  cases  pallor  or  cyanosis,  dilated  pnpils,  short 
periods  of  unconsciousness  with  acceleration  and  then  slowing  of  the 
pulse  were  observed.  All  the  patients  recovered  in  the  course  of  ten 
days.  In  many  cases  some  rise  of  temperature  was  noted,  "When 
solanine  is  administered  by  the  mouth,  most  of  it  is  decomposed,  for 
very  little  reappears  in  the  stools  and  urine  as  solanine  and  solanidine. 

When  these  bodies  are  injected  directly  into  the  blood  vessels,  they 
induce  much  more  characteristic  changes,  which  very  often  prove 
fatal  after  a  longer  or  shorter  interval.  Very  large  quantities  thus 
injected  may  kill  animals  within  a  few  minutes  from  respiratory 
paralysis,  and  no  characteristic  appearances  are  to  be  found  post- 
mortem. Smaller  doses  induce  depression,  loss  of  appetite,  some- 
times vomiting  and  diarrhoea,  general  weakness  and  collapse,  with 
some  dyspnoea  and  irregular,  feeble  pulse.  Weak  convulsions  appear 
just  before  the  failure  of  the  respiration,  while  the  heart  continues 
to  contract  for  some  minutes  longer.  In  these  cases  ecchymoses  are 
foimd  in  the  serous  membranes,  pericardium,  pleura  and  peritoneum, 
and  occasionally  in  the  kidneys.  Endocarditis  has  been  observed  in 
some  instances,  but  the  most  important  alterations  occur  in  the 
stomach  and  intestines,  the  mucous  membrane  of  which  is  swollen 
and  congested  and  contains  numerous  blood  extravasations.  The 
lymphatic  glands  of  the  abdominal  cavity  are  also  swollen  and  con- 
gested and  often  filled  with  hiemorrbages.  Occasionally  the  kidneys 
are  found  to  contain  numerous  blood  casts,  filling  the  lumen  of  the 
tubules,  and  in  these  cases  albumin  and  tuemoglohin  appear  in  the 
urine  before  death ;  these  are  more  often  elicited  by  solanine  than  by 
the  sapotoxins.  In  Cyclamen  poisoning  (from  intravenous  injec- 
tion) hsemoglobinuria  is  one  of  the  earliest  symptoms. 

The  saponin  bodies  are  general  protoplasmic  poisons,  destroying 
life  whenever  they  come  in  contact  with  living  tissues  in  sufficient 
concentration.  Their  irritant  action  on  the  mouth,  throat  and 
stomach  is  the  cause  of  the  nausea  and  vomiting  observed  when  they 
are  administered  in  this  way,  and  they  cause  sneezing  and  coughing 
from  the  same  action  in  the  nose  and  throat.  On  other  mucous  mem- 
branes, such  as  the  conjunctiva,  and  in  wounds,  they  cause  similar 
irritation  and  inflammation,  which  may  he  followed  by  suppuration. 
A  form  of  local  anesthesia  often  follows  this  irritation,  the  termina- 
tion of  the  sensory  nerves  apparently  being  benumbed,  but  the  pre- 
liminary irritation  precludes  their  use  for  this  purp(»e. 

Even  the  unbroken  skin  may  he  irritated  when  they  are  applied 
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repeatedly  or  rubbed  on  in  the  form  of  ointment.  This  irritation  is 
betrayed  bj  redneas,  heat,  itching  and  eventually  hj  the  formation  of 
puetules.  Their  local  effects  when  injected  subcutaneoualy  also  indi- 
cate their  irritant  properties. 

Wlien  the  individual  organs  are  exposed  to  the  action  of  Baponin 
bodies  by  the  direct  application  of  solutions  to  them,  a  similar  poison- 
ous action  is  elicited.  Muscle  contracts  more  weakly  even  in  dilute 
solutions,  is  eventually  entirely  paralyzed,  and  is  altered  in  structure, 
the  transverse  strife  of  voluntary  muscle  and  of  the  heart  becoming 
very  indistinct.  Nerves  exposed  to  solutions  are  also  paralyzed  in 
the  same  way,  and  the  movements  of  cilia  cease  at  once  when  they  are 
exposed  to  sapotoxin  bodies.  The  blood  undergoes  characteristic 
changes  when  it  is  acted  on  by  saponin  either  in  the  vessels  or  in 
the  teat-tube.  The  red  blood  cells  undergo  rapid  destruction  and  the 
hffimoglobin  is  freed  in  the  plasma.  Even  one  part  of  cyclamin 
added  to  100,000  parts  of  diluted  blood  completely  lakes  the  red 
blood  cells,  while  hiemoglobin  appears  in  the  serum  when  considerably 
lees  poison  is  added.  The  other  saponin  bodies  act  less  powerfully 
in  this  direction  than  cyclamin,  but  still  produce  distinct  solution 
of  the  substance  of  the  red  corpuscles.  When  a  saponin  is  injected 
into  the  blood  of  a  living  animal  this  destruction  of  the  red  blood- 
cells  takes  place  to  some  extent,  and  the  plasma  contains  haemoglobin, 
while  the  blood  corpuscles  are  considerably  diminished  in  number. 
This  hfemolytic  action  is  not  the  result  of  changes  in  the  bsemoglobin, 
but  is  due  to  the  dissolution  of  the  stroma  of  the  eorpusclea,  which 
releases  the  btemoglobin.  The  saponins  have  a  strong  solvent  action 
on  the  lecithin  of  the  stroma  and  its  removal  leads  to  the  disintegra- 
tion of  the  cell.  This  solvent  action  occurs  more  readily  when  the 
blood  cells  are  suspended  in  normal  salt  solution  than  in  the  plasma 
or  serum,  and  this  has  been  shown  to  be  due  to  the  presence  of  choles- 
t£rin,  which  antagonizes  the  action  on  lecithin.  Even  when  the 
hGemoglobin  in  the  corpuscles  is  coagulated  and  saponin  fails  to  induce 
laking,  the  structure  of  the  corpuscle  is  altered,  as  is  shown  by  its 
reaction  to  salts  (Stewart). 

The  destructive  effect  of  the  saponins  on  other  cells  is  probably  the 
result  of  the  solvent  action  on  the  lecithins  which  they  contain. 

The  circulation  in  mammals  is  comparatively  little  affected  until 
just  before  death,  when  the  blood-pressure  falls  rapidly  and  the  pulse 
becomes  weak  and  slow.  The  heart  continues  to  beat  for  a  short 
time  after  the  respiration  ceases,  but  is  very  weak,  and  finally  stops, 
even  although  artificial  respiration  is  maintained.  The  isolated 
frog's  heart  is  paralyzed  by  sapotoxins  in  the  same  way  as  the  isolated 
muscle. 

In  many  experiments  death  would  seem  to  be  caused  by  collapse 
following  the  changes  in  the  alimentary  canal.  In  others,  however, 
when  only  small  quantities  of  the  poison  have  been  injected,  no  such 
changes  are  observed,  but  the  animal  dies  after  a  few  days,  present- 
ing no  distinct  symptoms  except  general  weakness  and  depression. 
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On  the  other  hand,  very  large  quaatitieB  injected  into  a  vein  ma; 
prove  fatal  within  a  few  minutes,  and  here  again  no  STmptoma  of 
inteatinal  action  may  appear.  It  is  therefore  believed  that  in  addi- 
tion to  their  irritant  effects  these  bodies  have  a  special  action  on  the 
central  nervous  system,  although  it  is  impossible  at  present  to  specif; 
its  nature.  The  respiration  is  in  all  cases  the  first  vital  function  to 
he  suspended.  Sapotozin  applied  directly  to  the  spinal  cord  in  the 
frog  first  provokes  convulsive  twitching  and  clonic  spasms  and  then 
paralyzes  the  animal,  but  it  may  be  questioned  whether  it  would  have 
the  same  effect  when  carried  in  the  blood. 

The  sapotoxins  are  poisonous  to  invertebrates  apparently,  unless 
they  are  protected  by  a  shell,  through  which  the'poiaons  cannot  pene- 
trate. Thus  the  am<Bba  and  other  simple  organisms  cease  their  move- 
ments, while  intestinal  worms  are  first  excited  and  then  paralyzed  in 
the  presence  of  some  of  the  group. 

Faust  has  recently  shown  that  oleic  acid  has  the  same  hiemolytic 
action  as  the  saponin  substances,  and  that  some  forms  of  auEemia  are 
due  to  the  red  blood  cells  being  destroyed  by  oleic  acid  absorbed  in 
excess. 

Pbeparatiohs. 

QmllBja  (U.  S.  P.),  Qnlllaia  Oort«z  (B.  P.),  Panama  bark,  Soap  bark,  the 
inner  bark  of  Qnillaja  saponaria. 

Fluidextractum  Qmllajie  (U.  S.  P.),  0.2  c.c.  (3  mine.). 

TitKtvra  QuiUaja  (U.  S.  P.),  Tinctura  QuUlaitB  (B.  P.),  2-4  c.c.  (30-60 
rnins.). 

Sarsaparilla  (U.  8.  P.)i  the  root  of  Smilaz  medica  and  other  species  of 
Smilaz. 

FluidextToctvm  Sarsaparilla  (U.  S.  P.),  2  c.c.  (30  mins.). 

Flwdextractum  SaraapariUce  Compoaitum  contains  sossafraB,  liqnoriee  end 

Syrupua  SarsapariUte  Compositua  (U.  S,  P.),  contains  liquorice,  senna 
and  tlie  oils  of  sassafras,  anise  and  wintergreen.    16  c.c.  (4  fl.  drs.). 

Saras  Badix  (B.  P.),  sarsapariUa,  the  dried  root  of  Smilax  omata,  im- 
ported from  Costa  Rica  and  known  as  Jamaica  Baiaaparilla. 

Extraetum  Sarsie  lAquidum  (B.  P.),  2-4  fl.  drs. 

Senega  (U.  S.  P.],  Senege  Kadix  (B.  P.).  the  root  of  Polygala  Senega. 

Fhtidextractum  Senega  (U.  S.  P.),  1  cc.  (15  mins.). 

Syrupus  Senega  (U.  S.  P.),  4  c.c.  (1  fl.  dr.). 

Tinctum  Senega  (B.  P.),  1-1  fl.  dr. 

Infumm  Senega  (B.  P.),  i-1  fl.  oz.;  as  a  drau^t,  2  fl.  oz. 

Therapeutic  Uses. — The  drugs  of  this  group  are  all  quite  super- 
fluous. They  may  be  used  to  increase  the  bronchial  secretion  in 
cough  through  the  nausea  caused  by  their  slight  irritant  action  in  the 
stomach,  but  they  have  no  advantages  over  such  drugs  as  ipecacuanha ; 
the  syrup  of  senega  is  often  prescribed  in  expectorant  mixtures  for 
this  purpose.  SarsapariUa  has  been  supposed  to  have  an  obscure 
action  on  the  nutrition,  and  has  some  reputation  in  the  treatment  of 
syphilis,  but  there  is  no  reason  to  believe  that  it  is  of  any  service  here 
or  in  any  other  condition,  although  it  may  be  used  as  a  vehicle  for  the 
administration  of  mercury  and  iodide  of  potassium.     For  this  pnr- 
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pose  the  componnd  STrup  U.  S.  P.  or  liquid  extract  B.  P.  is  the 
best  preparation.  Quilkja  has  been  used  to  some  extent  as  an  expec- 
torant, more  largely  to  form  emulsionB  and  to  suspend  insoluble 
powders.  Its  irritant  action  ought,  however,  to  preclude  its  use  for 
this  purpose.  It  is  frequently  stated  that  members  of  the  sapotoxin 
series  are  antidotes  in  digitalis  poisoning;  but  this  is  founded  on 
experiments  in  which  both  drugs  were  applied  directly  to  the  frog's 
heart,  and  there  is  no  reason  to  suppose  that  they  would  oppose  each 
other  in  man,  especially  if  given  by  the  mouth,  as  sapotoxin  is 
absorbed  only  with  great  difficulty. 
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ZZVL    ASPIDOSPEEBCA,  OB  QUEBBAOHO. 

The  bark  of  Qaebracbo  bianco  (Aspidospenna  quebracho)  containa  a  num- 
ber of  alkaloids  which  are  probably  very  similar  in  ebemical  compoBition  and 
which  seem  to  possess  almost  the  same  action.  They  are  A»j^03permi»e, 
Aspidospermatine,  Aspidosamine,  Hypogvebrachine,  Qvebraehine  and  Qvebra- 
chamine.  Another  specieB  of  A^pidosperma,  Fayta,  contains  two  alkaloids. 
Famine  and  Paytanme,  of  which  Paytine  reeembles  closely  the  Quebracho 
alkaloids  in  itfi  pharmacological  action. 

These  alkaloids  all  produce  nausea,  but  even  after  lai^e  doses  vomiting 
does  not  occur  except  after  Aspidosamine.  The  nausea  is  accompanied  by 
the  usual  cODComitant  symptoms — salivation,  increased  secretion  of  mneos 
in  the  respiratory  tract,  depression  and  alternately  rapid  and  slow  poise. 
Large  quantities  often  cause  symptoms  of  central  nervous  stimnlation,  tonic 
contractions  and  coDvulsions.  Tbe  respiration  is  quicker  and  deeper  after 
small  quantities,  bat  after  lethal  doses  becomes  slow  and  weak,  and  finally 
ceases.  Periodic  respiration  often  occurs  before  the  final  standstill,  a  series 
of  deep  dyspnceic  movements  alternating  with  several  shallow,  insnfficient 
ones.  The  failure  of  the  respiration  is  ttie  canse  of  death  in  maaunala,  the 
heart  continuing  to  contract  for  some  time  longer.  After  Aspidosamine, 
there  is  no  stage  of  quick  and  deep  respirations,  but  the  breathing  is  rendered 
Blow  at  once  and  soon  becomes  periodic. 

These  E^mptoms  are  generally  ascribed  to  a  direct  action  on  tbe  central 
nervous  system,  which  is  first  stimulated  and  then  depressed.  Tbe  chief  seat 
of  action  seems  to  be  the  medullary  centres  and  the  spinal  cord,  although  the 
basal  ganglia  may  also  be  more  or  leas  involved.  The  stimulation  of  the 
medul^ry  centres  explains  the  nausea  and  vomiting  and  also  the  changes  in 
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the  respiration,  while  the  couvoldons  and  increased  reflex  excitability  point 
to  the  spinal  cord. 

The  tenninations  of  the  motor  nerves  in  voluntary  mnsclee  are  paralyzed 
by  aspidosamine  and  qnebrachine  in  the  frog,  not  b;  the  other  alkaloids;  bat 
all  of  them  lessen  the  strength  of  muscular  tissue  and  eventually  paralyze  it 
in  these  animals.  Neither  of  these  results  has  been  observed  t«  follow  the 
injection  of  the  alkaloids  in  mammals. 

The  circulation  in  mammals  is  aSected  indirectly  through  the  nausea,  and 
the  heart  may  be  slowed  by  very  large  doses.  Wood  states  that  even  moderate 
quantities  reduce  the  blood-pressure  in  the  dog. 

Eloy  and  Huchard  observed  diarrhtna  and  an  increased  secretion  of  urine 
occasionally  follow  the  administration  of  the  alkaloids,  and  they  also  describe 
a  curious  coloration  of  the  blood  which  they  ascribe  to  a  diminution  of  the 
hemoglobin.  Penzoldt  attributed  the  asphyxia  to  changes  in  the  red  cells, 
bat  tbe  subject  of  the  action  of  these  alkaloids  on  the  blood  requires  further 
investigation. 

None  of  the  quebracho  alkaloids  is  very  poisonous,  but  of  the  series  que- 
brachine  is  tbe  most  toxic,  and  aspidosamine  and  aspidospeimatine  follow  it 
closely.  Aspidospermine,  qaebradiamine  and  hypoqaebTacbamine  are  com- 
paratively weak. 

Commercial  "  aspidospermine "  is  a  mixture  of  all  the  alkaloids  along 
with  other  bodies.     It  is  sometimes  prescribed  in  doses  of  1-2  mgs.  (bV-io  gr.). 

Aspidospenna  was  advised  by  Penzoldt  in  tbe  treatment  of  dyspnoea  from 
a  variety  of  causes,  and  his  statements  have  received  a  certain  amount  of 
support  from  clinicians.  The  special  conditions  in  which  it  has  been  advised 
are  dyspnoea  from  pulmonary  disease,  especially  emphysema,  and  from  car- 
diac weakness  and  asthma.  Its  action  an  the  respiratory  centre  may  explain 
to  some  extent  the  benefits  derived  from  it,  bat  the  increased  secretion  of  the 
bronchi  produced  by  the  nausea  may  also  be  of  some  importance. 
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/^        XXVIL    QUININE. 

The  barks  of  Tarious  species  of  Cinchona  and  Remijia  (Cuprea) 
contain  numerous  alkaloids  which  seeffl  Tfl  feaemble  each  other  closely 
in  their  chemical  and  pharmacological  properties.  The  best  known  of 
these  are  Quinine.  Ouinidine.  or  Conquinine,  Cinchonine  and  Cin- 
chonidine;  the  others,  amounting  to  Bome  twenty  in  number,  are 
believed  to  resemble  these  in  their  efFecta  on  the  organism,  but  very 
little  has  been  done  to  determine  this,  and  nothing  is  known  regard- 
ing their  relative  activity. 

The  cinchona  alkaloids  are  derivatives  of  quinoline.  Cinchonine 
and  cinchonidine  are  isomeric  (CiaHjaNjO)  and  perhaps  contain  two 
quinoline  molecules,  while  quinine  and  qninidine  (CjoHajNjOa)  are 
methoxyl  compounds  of  cinchonine,^ 

'  The  other  alkaloids  of  this  series  which  have  beeo  identified  are  homodneho- 
nidina,  conqoinamine,  quinamine,  CDSecmine,  eonenseonise,  aricine,  enseonidiDe, 
euacamine,  cuscaimdine,  hydroquiDine,  hydroqnlnidine,  hydroclnebonine,  dsehoDa- 
mine,  quairamlne,  conquairamine,  qnaiTamidine  and  eonqoairanddine,  while  nveial 
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Cinchona  bark  contains  besides  these  alkaloids  several  acidB,  inclul 
ing  tannins,  and  some  neutral  substances. 

The  cinchonas  are  natives  of  Western  South  America,  but  are  now 
cultivated  in  India  and  Java.  It  seems  questionable  whether  the 
virtues  of  the  bark  were  known  by  the  native  Indians  before  the 
invasion  of  the  Spanish,  and  its  introduction  into  medicine  dates 
from  about  1630-1640;  its  name  bears  testimony  to  its  efficacy  in  the 
case  of  the  Countess  of  Chinchon  in  1638. 

Action. — Quinine  differs  from  most  of  the  other  important  alkaloids 
in  acting  not  on  some  specialized  form  of  living  matter,  but  on  the 
general  nutrition  of  almost  all  forms  of  protoplasm.  Other  alkaloids, 
such  as  strychnine,  are  also  possessed  of  similar  effects  as  regards 
nutrition,  but  their  strong  affinity  for,  and  intense  action  on  some 
special  tissue,  prevent  their  effects  on  the  fundamental  properties  of 
living  matter  from  being  elicited  in  the  higher  animals.  Quinine 
is  therefore  often  termed  a  protoplasm  poison  because  its  action 
extends  with  but  little  variation  Uiroughout  most  forms  of  living 
matter;  on  the  other  hand,  the  marked  effect  of  strychnine  on  the 
nerve  cell  causes  it  to  be  classed  among  nerve  poisons,  althoogh  in 
o^^nisms  devoid  of  a  nervous  system  it  resembles  quinine  in  its 
effects.  The  effects  of  quinine  on  protoplasm  generally  consist  in 
transitory  augmentation  of  its  activity,  followed  by  depression  and 
death. 
■^  The  action  of  quinine  on  Undlffarentiated  Frotoplaam,  such  as  is 
found  in  the  unicellular  organisms  and  in  the  ovum,  is  therefore  of 
greater  interest  than  that  of  most  alkaloids.  Binz  found  that  while 
very  minute  quantities  sometimes  increase  the  movements  of  the 
amoeba  and  infusoria  at  first,  large  amounts' paralyze  them  imme- 
diately, and  the  protoplasm  assumes  a  darker  granizlar  appearance. 
The  rhythmic  movements  of  ciliated  organisms  are  rendered  slow  and 
finally  arrested  by  very  dilute  solutions,  but  no  other  organism  is  so 
susceptible  to  the  action  of  quinine  as  that  which  induces  malaria  in 
man.  The  microbes  of  putrefaction  are  also  acted  upon  by  quinine, 
although  they  seem  more  resistant  than  the  protozoa;  still,  quinine 
solutions  have  considerable  antiseptic  power,  equalling  that  of  car- 
bolic acid,  according  to  some  observers.  The  alpohojic,  l^ct'c  .%Bd 
butyric  fermentations  are  retariifid.  or  entirely  firevented  by  quinine 
tH^ni^li  Uy  ellwTts  on  the  organiBms,  but  it  is  apparently  devoid  of 
dCfion  on  some  of  the  lower  tontia,  for  moulds  (Penicillium)  grow 
freely  in  solutions  of  the  salts ;  so  that  the  alkaloid  seems  to  have  a 
selective  action  here,  such  as  is  observed  also  in  its  effects  on  the  fer- 
ments of  the  higher  animals.  Another  example  of  its  action  on  the 
vegetable  cell  is  that  discovered  by  Darwin  in  some  insectivorous 
plants  (Drosera),  in  which  the  movements  seem  to  be  first  excited 
and  later  paralyzed  by  the  quinine  salts. 

otbflFB  are  nid  to  have  b«eii  separated  by  some  antboritlM,  bat  are  rejected  l^ 
others.  The  adite  senerall;  acknowledged  to  be  present  in  cinchona  are  qninie, 
qvinovic,  qoinotannic,  qninoTatBnnic,  GASeotonnio  and  oxalic,  while  the  ueatral 
Uttei  anb^aueeg  have  been  named  quinovin,  qnlnoTa-red  and  dnebona-red. 
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The  influence  of  quinine  on  the  reproductive  cells  of  animals  has 
been  carefully  studied  by  O.  and  K.  Hertwig,  wbo  found  that  both 
the  spermatozoon  and  the  ovum  of  the  sea-urchin  are  injured  by  the 
addition  of  quinine  to  the  sea-water,  the  movements  of  the  former 
being  paralyzed,  and  the  stages  preceding  impregnation  in  the  latter 
progressing  more  slowly,  or  actually  retrooeding.  When  quinine  is 
applied  after  the  male  nucleus  has  entered  the  ovum,  the  complete 
conjugation  is  delayed  and  the  whole  process  is  rendered  abnormal 
by  the  admission  of  several  spermatozoa.  Quinine  applied  still  later 
prevents  or  delays  the  division  of  the  ovum  through  its  effects  both 
on  the  nucleus  and  on  the  general  protoplasm  of  the  cell. 

The  individual  cells  of  more  complex  organisms  are  afEected  in  the 
'same  way  as  these  more  simple  ones.  This  was  first  demonstrated  in 
the  leucocytes  by  Binz,  and  after  some  opposition  has  been  generally 
accepted.  When  a  drop  of  blood  is  examined  under  the  microscope 
the  white  cells  are  observed  undergoing  constant  changes  of  form  and 
position  exactly  similar  to  those  of  the  amosba,  but  minute  quantities 
of  a  quinine  salt  are  sufficient  to  stop  all  movements  at  once,  and 
the  leucocytes  assume  a  spherical  form,  become  darker  in  color  and 
granular,  and  soon  break  up  into  debris.  In  the  blood  vessels  similar 
changes  occur  when  quinine  is  applied  locally,  as  to  the  frog's  mesen- 
tery; the  leucocytes  again  become  darkly  granular,  and  ceasing  their 
creeping  movements,  are  carried  along  by  the  current  much  more 
rapidly  than  usual.  They  are  no  longer  observed  to  push  their  way 
tbrongh  the  vessel  walls,  and  if  they  have  already  penetrated  into  the 
tissues  their  movements  are  arrested.  If  irritation  be  applied  to  the 
part,  no  such  accumulation  of  leucocytes  occurs  in  the  tissues  as  in 
the  unpoisoned  animal,  and  if  an  irritant  has  been  applied  first  and 
the  leucocytes  have  poured  out  of  the  vessels  before  the  quinine  is 
applied,  the  process  is  arrested  at  once  on  its  application.  This  effect 
was  explained  by  Binz  as  due  to  the  poison  acting  on  the  leucocytes, 
and  although  attempts  have  been  made  to  explain  it  by  some  change 
produced  on  the  vessel  wall  by  the  drug,  there  now  seems  no  reason 
to  question  the  correctness  of  his  view.  Similar  results  are  observed 
when  the  drug  is  not  applied  locally,  but  carried  to  the  part  by  the 
vessels ;  the  movements  of  the  leucocytes  in  the  vessels  are  less  dis- 
tinct ;  they  are  carried  along  passively  in  the  general  current,  assume 
a  spherical  form,  and  have  much  less  tendency  to  escape  into  the  gen- 
eral tissnes,  and  at  the  same  time  the  number  of  the  leucocytes  in  the 
blood  undergoes  a  considerable  diminution.  It  would  be  unjustifiable 
to  infer  from  these  experiments  that  the  therapeutic  dose  of  quinine 
inhibits  the  movements  of  the  white  blood  cells  in  the  human  body, 
and  it  is  no  part  of  Binz's  theory  that  this  occurs.  The  effect  of 
quinine  on  the  leucocytes  is  merely  an  example  of  its  effects  on  the 
tissues  generally.  At  the  same  time  the  number  of  leucocytes  in  the 
human  blood  is  diminished  by  ordinary  quantities  of  quinine,  show- 
ing that  the  action  on  the  frog's  leucocytes  ext^ids  also  to  those 
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of  mftD,  even  vWn  the  quinine  is  absorbed  from  the  etomach  and 
inteetine. 

Other  evidence  of  the  action  of  quinine  is  gained  from  processes 
which  may  be  regarded  as  due  to  tJnorganlBsd  Fannents. 

Thus  the  oxidizing  action  of  drawn  blood  was  shown  to  be  dimin- 
ished in  several  experiments  performed  by  Binz.  For  example,  it 
fails  to  form  the  blue  oxidation  product  of  guaiac,  or  to  decolorize 
indigo  when  it  is  applied  to  it  along  with  quinine.^  Or  instead  of 
blood  a  slice  of  potato  or  a  watery  extract  of  a  living  plant  may  be 
used.  The  peroxidase  of  the  blood  is  also  rendered  less  active.  From 
these  experiments  the  inference  is  drawn  that  quinine  hinders  the 
action  of  the  oxidizing  ferments  of  the  blood  and  tissues.  On  the  other 
hand,  Jacqnet  found  that  it  had  little  or  no  effect  on  the  oxidation  of  - 
substances  passed  through  the  vessels  of  excised  organs.  A  number 
of  other  ferments  act  more  vigorously  in  very  dilute  solutions  of 
quinine,  while  they  are  retarded  by  larger  quantities ;  for  example, 
the  autolytic  ferment  of  the  liver,  pepsin  and  rennet.  And  some 
appear  to  be  much  less  susceptible  to  its  action  than  others,  for  they 
are  augmented  in  activity  by  quantities  that  retard  or  destroy  those 
more  readily  affected. 

These  experiments  indicate  that  quinine  hinders  some,  if  not  all,  of 
the  processes  which  normally  occur  in  living  matter,  and  which  are 
expressed  in  movement  and  in  varioue  chemical  products ;  they  indi- 
cate in  addition  that  this  action  is  not  confined  to  the  intact  proto- 
plasm, but  extends  to  some  of  the  ferments. 

Among  the  T«rt«bnitM,  also,  small  quantities  of  quinine  give  rise 
to  disturbances  of  the  nutrition,  but  before  diecossing  these,  it  may 
be  well  to  indicate  the  symptoms  induced  by  poisonous  doses. 

In  the  frog  a  short  stage  of  increased  reflex  excitability  is  followed  by  the 
loss  of  spontaneous  movements,  the  arrest  of  respiration  and  paralysis  of  the 
spinal  cord.  In  tnaminals  the  spinal  cord  is  said  to  be  stimulated  by  small 
quantities  and  then  to  be  depressed.  The  respiration  is  sometimes  accelerated 
in  the  beginning,  but  is  afterwards  weakened,  And  its  failure  is  the  cause  of 
death.  Qeneral  depression  and  muscular  weakness  ore  usually  the  only  cere- 
bral effects  noted,  and  the  tremor  and  convulsions  said  to  occur  in  some 
instances  may  be  dne  to  the  use  of  impure  quinine.  The  heart  is  often  accel- 
erated at  first,  but  is  afterwards  slow  and  weak,  while  the  hlood-pressnre, 
after  a  slight  increase,  declines  progressively.  According  to  Santesson,  qui- 
nine given  by  the  stomach  has  comparatively  little  effect  on  the  heart  and 
blood -pressure  in  mammals.  These  symptoms  point  to  a  preliminary  stage 
of  stimulation,  followed  by  depression  of  the  Central  Herrons  System  and 
heart  in  the  vertebrates,  corresponding  to  the  two  stages  observed  in  the 
simpler  organisms.  They  are  only  elicited  by  very  large  quantities  of  the 
drug  and  have  perhaps  received  greater  attention  than  they  merit  at  the 
hands  of  experimental  pharmacologists.     The  depres^on  of  the  refiexes  of 

I'  The  well-known  gaaiac  experiment  is  performed  as  follows;  A  fresh  solution 
of  guaiac  resin  in  alcohol,  to  which  some  peroxide  of  hydro^n  has  been  added,  Is 
divided  into  two  parts.  To  the  one  a  minute  quantity  of  quinine  is  added,  and  one 
or  two  drops  of  blood  are  then  allowed  to  flow  into  weh  part.  The  one  eontoining 
the  quinine  remains  oncolored,  while  the  other  assumes  a  blue  tint  from  the  oxida- 
tion of  the  guaiac  by  the  unpoisoned  blood. 
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the  frog  was  at  one  time  attributed  to  a  stimulation  of  the  inhibitory  centres 
of  Setschenow,  and  this  was  supported  by  the  fact  that  it  could  be  removed 
at  first  by  division  of  the  medulla  oblongata.  It  seems  more  probable,  how- 
ever, that  the  local  irritation  of  the  acid  salts  usually  injected  caused  the 
tempDisry  depression  indirectly,  and  that  the  action  on  the  central  nervous 
system  consists  in  a  transient  stimulation  followed  by  lasting  depression. 
The  statement  that  the  depression  is  due  to  the  weakness  o£  the  heart  seems 
incorrect. 

The  changes  in  Ibe  Oirculatloii  in  mammals  are  caused  by  a  preliminary 
contraction  of  the  arterioles  and  acceleration  of  the  heart,  followed  by  dila- 
tion of  the  former  and  slowing  and  weakening  of  the  latter.  In  both  cases 
the  action  is  probably  a  direct  one  on  the  muscle  of  the  arterioles  and  heart, 
although  some  investigators  consider  the  acceleration  due  to  depression  of 
the  inhibitory  mechanism  in  the  heart  or  in  the  medulla  oblongata.  The 
effects  of  quinine  on  tha  isolated  frog's  heart  have  been  stndied  carefully  by 
Santesson,  who  found  that  the  action  was  entirely  muscular  and  consisted 
in  slowing,  accompanied  by  marked  decrease  in  the  strength  of  the  con- 
tractions. 

In  fatal  poisoning  in  mammals  the  heart  is  generally  very  much  weakened 
when  the  respiration  ceases,  but  continues  to  beat  for  some  time  afterwards. 

Quinine  acts  upon  Huscle  in  the  same  way  as  upon  the  simple  organisms, 
temporarily  increasing  its  power  and  subsequently  weakening  it.  Thus 
Santesson  found  that  the  strength  of  the  individual  contractions  was  increased 
and  that  a  contraction  occurred  against  greater  resistance  than  normally,  but 
when  the  stimulation  was  repeated,  fatigue  set  in  sooner  than  in  the  unpoi- 
soned  muscle.  Large  quantities  of  quinine  throw  the  muscle  into  rigor,  which 
resembles  that  produced  by  caffeine,  and  is  probably  associated  with  its  action 
in  accelerating  the  coagulation  of  myosin  (Fiirth). 

The  Nerve  Trunlu  are  said  to  be  remarkably  tolerant  to  solutions  of  qui- 
nine, which  do  not  lessen  their  irritability  when  applied  locally  in  sufficient 
quantity  to  cause  marked  abnormalities  in  the  muscular  contraction.  No 
sufficient  evidence  has  been  brought  forward  that  quinine  affects  the  periph- 
eral ends  of  the  motor  or  sensory  nerves.  The  number  of  Leucocytes  in  the 
blood  is  much  diminished  by  the  administration  of  quinine  in  man  and  the 
lower  mammals,  but  it  is  unknown  how  this  is  effected.  The  statement  that 
tbe  normal  Spleen  undergoes  a  contraction  in  size  and  partial  atrophy  after 
quinine,  while  not  improbable  in  itself,  is  not  supported  by  experiments  in 
which  accurate  methods  were  used. 

A  slight  increase  in  the  amount  of  Urine  excreted  has  been  observed  some- 
times, but  does  not  seem  constant.  It  is  attributed  to  the  action  of  the  qui- 
nine on  tbe  renal  epithelium,  by  which  it  is  excreted.  The  other  secretions 
do  not  seem  to  be  altered  by  quinine,  unless  it  is  applied  directly  to  the  cells 
in  laige  quantity  by  injecting  solutions  into  the  duct  of  the  gland.  The 
statement  b  made  that  the  glycogenic  function  of  the  liver  is  altered  so  that 
less  sugar  than  usual  is  supplied  to  the  blood,  and  there  is  some  evidence  that 
other  hepatic  functions  are  less  active  than  usual. 

Cinchona  preparations  and  quinine  have  the  same  action  on  tbe 
appetite  and  digestion  in  man  as  tbe  simple  bitters  and  mix  vomica. 
Ordinary  therapentic  doses  often  produce  no  very  obvious  symptoms, 
the  most  frequently  observed  effect  consisting  in  derangement  of  the 
Senn  of  Heuing,  less  frequently  of  that  of  Sight.  Ringing  or  roaring 
sounds  in  the  ears,  accompanied  by  slight  deafness,  are  produced  by 
moderate  quantities  and  large  doees  are  not  infrequently  followed  by 
complete  loss  of  hearing  for  a  time.  Contraction  of  the  field  of  vision 
is  observed  lesa  often,  but  in  some  cases  total  blindness  has  been  pro- 
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duced  and  has  lasted  for  severe]  daya  or  even  weeks.  Color-vision  ifi 
especially  liable  to  fee  rendered  imperfect  or  temporarily  paralyzed  by 
quinine ;  these  disorders  of  sight  are  accompanied  by  a  very  marked 
contraction  and  even  obliteration  of  the  retinal  vessels  and  sometimes 
by  degenerative  changes  in  tbe  retinal  nerve-cella  and  even  by  atrophy 
of  the  optic  nerve.  It  is  still  undecided  vrbether  tbe  vascular  changes 
or  the  nervous  degeneration  is  the  primary  lesion,  but  the  majority  of 
investigators  at  present  favor  the  view  that  the  constriction  of  the  ves- 
sels is  merely  an  accompaniment  of  the  graver  effects  on  the  ganglionic 
i  structures.  The  symptoms  in  the  ear  have  generally  been  regarded  as 
the  result  of  congestion  and  htemorrhages  in  the  tyaipanum  and  laby- 
rinth, but  Witfmaack  has  recently  shown  that  this  view  is  founded  on 
erroneous  observations,  and  states  that  degenerative  changes  occur  in 
the  spiral  ganglion  in  the  cochlea  exactly  analogous  to  those  described 
in  the  retina.  Quinine  possesses  some  irritant  action  which  betrays 
itself  in  discomfort  in  Uie  stomach  and  eructation  after  large  and 
repeated  doses  by  the  month,  and  by  pain  and  tenderness  when  it  is 
injected  subcutaneously ;  but  this  drawback  is  not  of  so  much  import- 
ance as  in  the  case  of  many  other  drugs. 

Large  doses  of  quinine  produce  some  confusion  and  depression  with 
a  sense  of  fulness  and  heaviness  in  the  head  from  their  action  on  the 
Oersbmm,  and  this  is  sometimes  accompanied  by  uncertain  gait  and 
slow  pulse.  Very  few  cases  of  fatal  poisoning  have  been  satisfac- 
torily determined  to  be  due  to  quinine,  although  a  considerably  larger 
number  have  been  attributed  to  it.  In  these  cases  marked  weakness 
of  the  heart  and  collapse  accompanied  by  loss  of  sight  and  hearing, 
muscular  weakness,  apathy,  slow,  gasping  respiration  and  finally 
unconsciousness  and  total  failure  of  the  respiration  were  observed. 
In  some  cases  delirium  and  convulsions  have  been  noted,  but  it  may 
be  doubted  whether  the  preparation  did  not  contain  other  members 
of  the  cinchona  alkaloids.  Enormous  doses  of  quinine  sulphate  have 
been  swallowed  without  any  serious  results.  Thus  in  one  case  thirty 
grammes  (one  ounce)  produced  only  some  confusion  and  noises  in  the 
ears.  Probably  only  a  small  quantity  of  the  drug  was  absorbed,  as 
the  sulphate,  which  is  generally  used,  is  exceedingly  insoluble. 

The  extensive  use  of  quinine  in  therapeutics  has  demonstrated  that 
many  persons  have  curious  IdloByncrasiM  in  regard  to  it.  This  is 
betrayed  in  many  cases  by  the  development  of  ear  symptoms  after 
comparatively  small  doses,  but  in  others  symptoms  arise  which  do  not 
appear  in  the  great  majority  of  people  even  after  large  doses.  The 
commonest  of  these  are  skin  eruptions,  of  which  a  large  variety  have 
been  described,  and  which  can  be  distinguished  from  ordinary  diseases 
of  the  skin  only  by  the  history  or  by  the  detection  of  quinine  in  the 
urine  or  in  the  stools.  These  exanthemata  are  often  accompanied 
by  some  rise  in  temperature,  which  has  received  more  attention  than 
it  appears  to  deserve,  for  it  is  rare  and  even  when  present  is  of  insig- 
nificant extent.  Other  less  important  effects,  which  have  been  occa- 
sionally noted,  are  gastric  discomfort  and  diarrhcea.     In  very  rare 
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eascB  the  adminiBtration  of  quinine  is  followed  by  fever  and  hsemo- 
globinuria  (black  water)  or  albuminuria;  the  patients  are  in  almost 
every  case  suflFerers  from  old  malarial  infection,  but  there  Ib  no  ques- 
tion that  in  many  cases  the  symptoms  arise  only  when  quinine  is  given. 

The  Ut«nu  is  aroused  to  contraction  by  quinine,  and  abortion  occurs 
occasionally  after  its  use  in  malaria,  while  in  other  cases  labor  pains 
may  be  induced.  Many  physicians  use  it  during  labor  if  the  paina 
cease  or  if  they  seem  to  be  too  weak  to  expel  the  child.  In  animal 
experiments  it  is  found  that  quinine  injected  intravenously  or  hypo- 
dermically  causes  rhythmical  contractions  of  the  uterus  or  strengthens 
the  spontaneous  contractions  when  these  are  present.  The  tone  of 
the  muscle  is  also  augmented.  The  exact  way  in  which  quinine  acte 
here  is  unknown,  hut  it  may  probably  be  a  direct  effect  on  the  uterine 
muscle.  The  uterus  itself  is  certainly  the  seat  of  the  action,  for  it  is 
not  prevented  by  division  of  the  nerves  supplying  the  organ. 

In  the  Allmentur  Tract  quinine  and  the  cinchona  preparations  act 
in  the  same  way  as  the  simple  bitters  (page  54). 

The  constant  effects  of  quinine  on  the  Hstabolim,  which  are  pro- 
duced by  quantities  of  the  drug  too  small  to  have  any  further  action 
except  in  specially  susceptible  individuals,  are  of  much  greater  inter^ 
est  and  importance  than  the  symptoms  already  mentioned.  This 
alteration  of  the  tissue  change  occurs  throughout  the  mammalia,  and 
consists  in  a  marked  diminution  in  the  destruction  of  the  nitrogenous 
constituents  of  the  tissues.  After  the  administration  of  quinine,  the 
nitrogen  in  the  urine  is  found  at  first  slightly  augmented  for  a  few 
hours,  but  then  undergoes  a  diminution  of  considerable  extent,  due 
to  a  restricted  production  of  all  the  nitrogenous  constituents  of  the 
urine,  but  especially  of  the  urea  and  uric  acid.  The  phosphates  and 
sulphates  undergo  a  corresponding  alteration,  but  all  metabolic  changes 
are  not  affected,  for  the  carbonic  acid  exhaled  and  the  oxygen  absorbed 
by  the  lunga  present  no  marked  alteration  in  amount,  so  that  the 
oxidation  of  the  tissues  cannot  be  said  to  be  altered,  but  only  the 
breaking  down  of  the  nitrogenous  bodies.  This  absence  of  effect  on  the 
oxidation  of  the  body  is  not  what  might  have  been  expected  from  the 
experiments  of  Binz  and  others  on  the  simpler  tissues,  for  these 
showed  that  oxidation  of  all  kinds  was  retarded  by  quinine.  On  the 
other  hand,  it  corresponds  with  Jacquet's  experiments  on  the  oxidiz- 
ing ferment  of  the  tissues  and  has  been  attested  by  too  many  observers 
to  allow  of  any  doubt  as  to  its  correctness.  In  the  case  of  several 
other  drugs  the  diminution  of  the  urea  is  compensated  for  by  the 
increase  in  the  other  nitrogenous  bodies  in  the  urine,  but  the  fall  in 
the  total  excretion  of  nitrogen  after  quinine  points  to  an  alteration 
of  the  metabolism  of  the  body  in  general,  and  not  to  the  paralysis  or 
destruction  of  the  organs  which  change  the  first  products  of  the 
nitrogenous  metabolism  to  the  simpler  forms  in  which  they  are  finally 
excreted.  The  oxygen  absorbed  and  the  carbonic  acid  excreted  by 
the  tissues  are  generally  held  to  measure  the  amount  of  work  done 
and  heat  formed  by  the  muscular  and  other  movements  of  the  body, 
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and  quinine  therefore  doos  not  seem  to  affect  these  functions,  while  it 
would  appear  that  some  other  processes,  perhaps  the  death,  growth 
and  repair  of  the  tissues,  are  leas  active  than  normally.  At  any  rate, 
the  nitrogenous  food  is  not  dissipated  so  rapidly,  bat  is  stored  up  in 
the  body  in  some  unknown  form,  for  v.  Noorden  found  that  under 
constant  diet  the  nitrogen  excretion  diminished  under  quinine  and 
this  diminution  continued  for  two  days  after  the  treatment  was 
stopped.  The  nitrt^n  absorbed  from  the  alimentary  canal  remained 
unchanged,  and  a  certain  amount  of  protein  food  must  therefore  have 
been  added  to  the  body  and  saved,  from  the  decomposition  which  it 
would  have  undergone  in  ordinary  circumstances. 

The  influence  of  quinine  on  the  metabolism  is  closely  connected 
with  its  effects  on  the  body  Tanperatnis.  It  was  early  observed  that, 
besides  its  apeciiic  effects  in  malaria,  quinine  often  depressed  the  tem- 
perature and  improved  the  condition  in  a  number  of  other  fevers. 
This  was  long  supposed  to  be  due  to  some  action  that  it  exercised  on 
the  central  nervous  system,  but  when  the  nervous  theory  of  fever  fell 
into  dierepat^  this  explanation  also  came  to  be  looked  upon  with 
suspicion,  and  was  finally  disposed  of  by  the  experiments  of  Binz  and 
others,  who  showed  that  quinine  lowered  the  fever  temperature  after 
division  of  the  spinal  cord.  Binz  therefore  attributed  the  antipy- 
retic effects  of  quinine  to  its  direct  action  on  the  tissues,  and  Uus 
explanation  is  generally  held  to  be  correct.  It  is  to  be  remarked  that 
while  there  is  no  question  as  to  the  reduction  of  the  temperature 
effected  by  quinine  in  many  cases  of  fever,  it  has  little  effect  upon 
the  normal  temperature.  In  some  cases  a  slight  fall  in  the  thermom- 
eter is  observed,  but  it  is  never  very  considerable,  and  often  no  results 
follow  its  administration,  or  a  rise  of  0.1-0.2°  C,  may  occur. 

Gottlieb  found  that  the  fever  temperature  produced  in  rabbits  by 
injury  of  the  region  of  the  corpus  striatum  was  reduced  by  quinine, 
and  that  the  regulation  of  the  heat  production  according  to  the  tem- 
perature of  the  surrounding  air  was  not  impaired  by  it.  Thus,  when 
the  temperature  of  the  cage  was  kept  at  about  30-32°  C,  and  animals 
poisoned  with  morphine  and  some  other  drugs  had  fever  temperature, 
the  rabbit  to  which  quinine  had  been  administered  showed  little  change 
from  the  normal.  From  this  he  infers  that  the  heat-regulating  mech- 
anism of  the  brain  is  not  affected  by  quinine,  and  that  the  reduction 
of  temperature,  when  it  occurs  at  all,  is  due  to  alteration  in  the 
metabolism.  In  a  later  research  the  same  author  found  by  calori- 
metric  experiments  that  the  warmth  production  was  lessened  by 
quinine,  both  in  normal  animals  and  in  those  in  which  fevor  had  been 
induced  by  injury  of  the  corpus  striatum.  This  lessened  production 
was  accompanied  in  Gottlieb's  experiments  by  a  fall  in  the  output  of 
heat,  the  regulating  apparatus  tending  to  counterbalance  the  reduced 
formation  in  the  same  way  as  in  normal  animals.  In  other  experi- 
ments, however,  quinine  has  been  found  to  induce  dilatation  of  the 
skin  vessels  and  a  corresponding  increase  in  the  heat  loss.  In  other 
words,  quinine  appears  to  lessen  the  heat  formation  through  its  action 
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on  the  tissues,  and  this  is  Bometimes  compensated  for  by  a  decrease 
in  the  heat  loss,  but  in  other  instances  the  regulation  fails  and  the 
temperature  falls  from  the  formation  being  lessened  and  the  loss 
remaining  unchanged  or  even  being  increased. 

This  explanation  of  the  antipyretic  effects  of  quinine  is  not  without 
difficulties,  however.  Tor  the  chief  source  of  heat  in  the  body  is  the 
oxidation  of  the  carbohydrates,  but  in  healthy  animals  quinine  does 
not  lessen  the  amount  of  car-  ^^  ^ 

bonio  acid  excreted,  as  it  might 
be  expected  to  do  if  it  reduced 
the  heat  formation  by  restrict- 
ing the  combustiim  in  the  tis- 
sues. Some  writers,  therefore, 
hold  that  the  fall  in  tempera- 
ture is  really  the  effect  of  dila- 
tation of  the  skin  vessels  and 
increased  heat  loss.  This  ex- 
planation is  not  that  generally 
accepted,  however,  and  while 
it  is  not  denied  that  the  aug- 
mented output  of  heat  may  in 
some  conditions  contribute  to 
the  fall  in  temperature,  the 
antipyretic  action  of  quinine 
is  stiU  regarded  as  due  for  the 
most  part  to  its  retarding  the 
metabolism ;  it  has  been  sug- 
gested that  while  the  combus- 
tion in  the  normal  tissues  is 
not  affected  by  quinine,  the 
presence  of  fever  poisons 
throws  them  into  a  state  of 
augmented  activity  in  which 
they  are  more  susceptible  to 
its  sedative  action,  and  that 
even  in  the  normal  organism  a  reduction  of  the  temperature  might 
be  induced  if  sufficient  of  the  drug  could  be  ingested  without  excit- 
ing other  symptoms.  In  this  connection  it  is  of  interest  to  remem- 
ber that  in  fever  the  nitrogenous  decomposition  is  much  increased, 
while  quinine  has  a  directly  opposite  effect.  The  diminution  in 
the  nitrogenous  metabolism  may  also  lead  to  an  increased  resistance 
being  offered  by  the  tissues  to  the  cause  of  the  fever,  or  may  lessen 
the  poisonous  products  circulating  in  the  blood.  In  addition,  the 
microbes  of  fever  may  themselves  be  rendered  less  active  by  the  drug, 
although  this  antiseptic  action  would  appear  to  be  of  subordinate 
importance,  as  many  of  the  path<^nic  forms  have  been  found  to 
offer  great  resistance  to  it. 

Quinine  has  much  more  effect  in  reducing  temperature  when  it  is   ^ 
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C  administered  in  the  beginning  of  a  natural  remission  than  when  it  is 
/  fpven  during  a  rise  of  the  thermometer.  This  p'ropert;  is  shared  by 
1)  most  antipyretics  and  will  be  treated  of  at  greater  length  under  the 
(   antipyrine  series. 

Excretion.- — Quinine  appears  in  the  urine  within  a  short  time  (30 
minutes)  after  its  exhibition  by  the  mouth,  and  it  continues  to  be 
excreted  by  the  kidney  in  some  quantity  during  the  next  twenty-four 
hours,  and  in  smaller  amounts  up  to  about  seventy-two  hours.  Only 
about  one-third  of  that  absorbed  appears  in  the  urine>  however,  and 
none  whatever  has  been  found  in  the  other  excretions,  so  that  from 
two-thirds  to  three-fourths  undergoes  complete  destruction  in  the  tia- 
sues.  In  man  quinine  appears  unchanged  in  the  urine,  while  in  the 
dog  the  small  proportion  excreted  has  undergone  extensive  alteration 
in  the  tissues. 

.  Of  the  Otiier  Oiadiona  AlkaloldB,  qninidine  or  conqniiiine  resonblea  qui- 
Q  nine  moet  cloeel;  in  its  effects,  which  are  somewhat  weaker,  however.  Cincho- 
nine,  while  very  similar  to  quinidine  in  most  points,  has  Bome  tendencj  to 
produce  convulsions,  but  this  effect  is  much  more  liable  to  occur  under  fijp- 
i-tlimi^iinn  Tfhirhi  save  for  its  resemblance  in  other  features  to  quinine,  would 
be  entitled  to  be  classed  among  the  convulsivg  pniyina.  These  convnlsioiis 
are  of  an  epileptiform  character,  and  are  only  prodnoed  by  very  large  doses, 
but  Albertoni  discovered  that  even  small  quantities  administered  to  epileptics 
increased  the  number  of  the  attacks.  He  found  that  these  epileptiform 
seizures  were  not  prevented  by  the  removal  of  the  cerebral  cortex  in  dogs, 
and  that  the  irritability  of  the  motor  areas  was  not  altered  by  cinchonidine, 
and  therefore  concluded  that  the  poison  produced  these  symptoms  by  acting 
on  some  lower  division  of  the  central  nervous  ana.  It  is  believed  by  many, 
however,  that  epileptic  attacks  can  be  elicited  only  when  the  cerebri  cortex 
is  intact,  and  although  no  results  directly  opposed  to  those  of  Albeitoni  have 
been  recorded,  the  question  must  still  be  regarded  aa  an  open  one. 

Id  other  respects  ciochonine  and  cinchonidine  differ  from  quinine  only  in 
the  degree  and  not  in  the  kind  of  their  action.  Cinchonamine  poEsesses  an 
even  more  marked  convulsant  action  than  cinchonidine. 

The  effects  of  the  other  alkaloids  have  not  been  the  sabject  of  much  investi- 
gation, but  they  seem  to  differ  from  quinine  chiefly  in  their  effects  on  the 
central  nervous  system.  These  are  not  entirely  absent  in  quinine  itself,  for, 
as  has  been  stated  already,  the  reflex  irritability  is  at  first  increased  and  then 
diminished  in  both  frogs  and  mammals,  and  in  some  cases  even  convnlsions 
are  stated  to  have  occurred  in  quinine  poisoning,  althoogfa  tliese  are  so  rare 
that  the  suspicion  is  aroused  that  the  preparation  was  contaminated  with 
cinchonidine  or  some  other  alkaloid. 

Cinchonidine  seems  the  most  poisonous  of  the  four  chief  alkaloids,  quinine 
foUoving  next,  and  then  einchonine  and  quinidine. 

Peepakations. 
U.  S.  P.^ — nttjrHnnft    the  bark  of  Cinchona  calisaya  and  of  0.  offieinalis 

Sand  of  hybrids  of  these  and  of  other  species  of  Cinchona,  yielding  not  lea 
than  5  per  cent,  of  total  alkaloids.    Dose,  1  G.  (15  grs.). 

Cinchona  Bnbra,  red  cinchona,  the  bark  of  Cinchona  succimbra,  contain- 
ing at  least  5  per  cent,  of  alkaloids.    Dose,  1  G.  (15  gra.). 

FJmdextrjicivm  Cinchona,  contains  4  per  cent,  of  quinine,  quinidine  and 
.  ^  -       cinchonidin^l  e.c.  (IS  mms.}. 
'~*-  •        TiwffrnRA  CCCHONjJB,  contains  0.75  per  cent,  of  these  alkaloids,  4  c.o. 
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TnTCTDRA  CiNonOHA  CoupOBTTA  IS  the  only  preparation  of  red  einchona, 
and  contains  in  addition  eerpentaria  and  bitter  orange  peel.    4  c.c.  (1  fl.  dr.)- 

These  preparations  of  cinchona  were  formerly  muoh  more  in  vo^e  than  at 
the  present  day,  in  which  they  have  been  replaced  for  most  purpoees  by  the 
alkaloids.  They  are  still  prescribed  alone  or  together  with  other  remediee  as 
stomachic  bittefs. 

" " s,h>M^ 

0.3-1  G.  (5-15  gTB.)  ;  to  be  increased  when 
yvHmwKE  a  uaroQTomtaum,  necessary. 

/  QUIMDTJ  MtDKOCHLoSdM.  Ol  m  <3^   "^  ^ 

Quimna  SaUevht  IVrsTP.).  \ 

Ferrl  et  QutniiKC  Citras,  0.25  G.  (4  grs.). 

/Ferri  et  Qwninte  Citraa  Solubilis,  0.25  Q.  (4  grs.). 
Syrupua  Ferri,  Quinma  et  Strychnma  Fhoaphatum,  Easton's  symp,  4  c.c 
(1  fl.  dr.). 

ElixiT  Ferri,  Qtiinina  et  Strych»itue  Pltosphatum,  4  c.e.  (1  fl.  dr.), 
Glyceritum  Ferri,  Qmninte  et  Stryi^minte  Phosphatum,  1  c.c.  (15  mins.). 

B.  P. — Clnchonn  Bnbra  Oortex,  red  cinchona  bark,  the  dried  bark  of  the 
stem  and  branches  of  Cinchona  succimbra.  It  ought  to  contain  5-B  per 
cent  of  total  alkaloids,  of  which  one  half  should  consist  of  quinine  and  ein- 
chonidine. 

Extractum  Cinclionte  Liquidvm,  5  per  cent,  of  alkaloids,  5-15  mine. 

TiNCTCRA  Cinchona,  1  per  cent,  of  alkaloids,  i-1  fl.  dr. 

TracTCRA  Cinchona  Coufobita,  containing  bitter  orange  peel,  serpen- 
tary  and  coloring  matters,  j-l  fl.  dr. 

Infmum  Cinehonce  Aeidum,  containing  aromatic  snlphnric  acid,  )-l  fl.  oz. 

QOIMINA  HrDROCELOKmUU,  ) 

QutnitKE  Hydrochloridum  Aeidum,  \  1-10  grs. 

QuisiKX  Sulphas,  \ 

Tinetura  Qvinina,  formed  from  the  hydrochloride  and  flavored  with  orange, 
1-1  fi.  dr. 

Tinetura  Qvimna  Ammoniata,  formed  from  the  sulphate,  i-1  fl.  dr. 

FinuM  Quinine,  i-1  fl.  oz. 

FUttla  QtUftitue  Sulpliatis,  2-8  grs. 

Sympua  Ferri  Phoaphatia  cum  Quinina  et  Stryehmna,  Easton's  symp. 
Each  fl.  dr.  contains  J  gr.  of  quinine  sulphate  and  jg  gr.  of  strychnine. 
4-1  fl.  dr. 

Ferri  et  i^uinina  Citras,  5-10  grs.     (See  Iron.) 

QiiiriJTiB  JR  practically  '"Bf)["^''"  in  water  and  several  of  its  salts  are  only 
dissolved  sparingly.  Thos,  the  sulphate  requires  SOO  times  its  own  weight  of 
water,  the  hydrochloride  35,  and  the  hydrobromide  54.  The  presence  of  acid 
in  excess  renders  them  much  more  soluble,  and  the  acid  hydrochloride  is 
dissolved  in  less  than  its  own  weight  of  water,  the  bisnlphate  in  10  parts. 
They  all  form  crystalline  powders  with  a  very  bitter  taste,  and  their  solutions 
in  water  have  a  blue  fluorescence  when  sulphuric  acid  is  present.  The  acid 
hydrochloride  and  the  bisnlphate  have  an  acid  reaction,  the  others  are  neutral. 

The  sulphate  of  quinine  is  the  salt  generally  prescribed,  althon^  the 
hydrochloride  is  more  soluble  and  ought  to  he  preferred.  The  hydrobromide 
is  comparatively  seldom  used.  Instead  of  the  acid  salts  being  prescribed, 
some  Bulphnric  acid  or  hydrochloric  acid  may  be  ordered  to  be  added  to  the 
neutral  salts  in  order  to  facilitate  their  solution. 

The  salts  of  quinine  are  frequently  given  in  the  form  of  pills,  cachets, 
tiMets,  or  capsules,  which  have  the  advantage  of  avoiding  the  bitter  taste,  but 
from  which  the  alkaloid  is  more  slowly  absorbed  than  from  solutions.  Care 
must  be  taken  that  the  pills  are  soft  and  freshly  prepared,  as  when  kept  for 
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any  length  of  time  thej  become  hard,  and  in  this  condition  frequently  pass 
through  the  bowel  imabsorbed.  The  salts  or  the  pure  alkaloid  may  also  be 
given  as  pondeis,  or  the  former  in  solution,  but  th^  are  objected  to  by  many 
patients  on  account  of  the  bitter  taate.  When  a  rapid  absorption  is  desired, 
solntiona  should  be  used,  flavored,  if  necessary,  with  syrup  and  volatile  oils. 
Solutions  of  the  salts  are  occasionally  injected  as  enemata,  but  are  liable  to 
set  np  irritation  and  be  rapidly  evacuated.  The  hypodermic  method  has  also 
been  advised  in  eases  of  emergency,  or  where  the  salt  cannot  be  retained  or 
absorbed  from  the  stomach;  for  this  purpose  a  solution  of  the  hydrochloride 
with  hydrochloric  acid  in  excess  or  of  the  sulphate  is  injected  deeply  int«  the 
mnscnlar  tissue.  This  form  of  medication  is  painful,  but  does  not  seem  to 
induce  more  serious  results  if  ordinary  care  is  used.  The  neutral  hydro- 
chloride may  be  dissolved  in  hot  water  and  injected  when  the  solution  reaches 
the  body  temperature  with  less  pain  than  is  elicited  by  other  salts.  In  this 
way  about  two  parts  of  water  are  required  to  dissolve  one  of  quinine.  The 
addition  of  urea  to  the  solution  renders  it  less  irritant.  Quinine  is  very  easily 
dissolved  in  water  when  it  Is  mised  with  antipyiine  in  the  proportion  of  three 
parts  of  quinine  to  two  of  antipyrine,  and  this  solution  is  said  to  be  less 
painful  when  it  is  Injected  hypodermically  than  others.  The  intravenous 
injection  of  quinine  has  been  practised  by  Baccelli  with  saccess  in  cases  of 
pernicious  malaria.  He  uses  the  hydrochloride  in  a  solution  of  common  salt 
and  injects  into  one  of  the  veins  of  the  aim. 

Many  other  salts  of  quinine  have  been  proposed  and  have  enjoyed  a  certain 
reputation  for  some  time.  Among  the  better  known  of  these  is  the  ttmnate, 
which  is  exceedingly  insoluble  and  almost  tasteless,  and  is  prescribed  in  powder 
in  doses  of  1-3  Q.  Other  salts  which  have  been  recommended  are  the  tar- 
trate and  the  lactate.  Euquittine  is  the  ethyl^ester  of  quinine-carbonic  acid 
{C0(0C3,)(OC,^N,0))  and  is  said  to  possess  the  therapeutic  virtues  of 
quinine  wlttiout  its  bitter  taste  and  without  inducing  ringing  in  the  ears 
and  other  sympt^ims.  Aristockine  (CO(C,H„K,0),)  and  Chinapheni»e 
{CO{NHCAoC^i)(OC^JJ,0))  are  compounds  of  quinine  of  a  sinular 
nature  recently  introduced.  All  three  preparations  are  prescribed  in  powder 
or  tablets,  in  the  same  dose  as  quinine. 

A  famous  preparation  of  quinine  is  Warbtir^ti  tinnturp..  yhJt^h  has  been 
extensively  used  in  India  in  the  treatment  oi  maiana.  it  contained  a  very 
lHT|Tt]  niimiio.-  nf  jpyyyilipnta.  many  of  which  were  certainly  entirely  super- 
ffuona.  Among  the  more  important  constituents  were  aloes,  liiabarb,  gi^tlRD, 
camphor  and  various  volatile  oils;  it  is  possible  that  some  of  these  may  have 
aided  the  quinine  through  their  effects  on  the  stomach.  Yarious  drags,  such 
as  capsicum  and  piperine,  have  long  had  some  reputation  as  adjuvants  in 
quinine  treatment  for  a  similar  reason. 

The  other  alkaloids  have  been  used  occasionally  as  substitutes  for  quinine, 
but  have  somewhat  less  therapeutic  effect,  while  cinchonldlne  is  more  liable  to 
produce  symptoms  of  poisoning.  They  might  all  be  dispensed  with,  without 
lose  to  therapeutics. 

TherapentiG  Uses. — The  introduction  of  cinchona  into  therapeutics 
was  due  to  the  discovery  of  its  efficacy  in  ague  or  MaJaTJi,  and  with 
growing  experience  in  the  disease  and  its  trealinyRT^  iLe  confidence  in 
tie  drug,  or  rather  id  its  chief  alkaloid,  has  constantly  increased,  until 
the  action  of  quinine  in  malaria  is  now  quoted  as  the  best  example  of 
a  specific  in  therapeutics.  The  explanation  of  its  action  has  only 
been  arrived  at  within  the  last  few  years  with  the  discovery  of  the 
cauee  of  malaria,  the  Plasmodium  malarite,  although  in  1868  Binz 
suggested  that  the  then  unknown  nialiMal  poison  was  probably  ren- 
dered inert  by  quinine.     The  plaamodium  belongs  to  the  group  of 
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protozoa,  and  in  one  of  its  stages  comes  to  resemble  somewhat  the 
auueba,  on  which  £inz  experimented.  The  effect  of  quinine  seeme 
similar  in  the  two  organisms,  although  the  alkaloid  acts  more  strongly 
on  the  malarial  organism  in  the  blood  than  on  the  common  amoeba 
living  in  water;  another  organism  closely  related  to  that  of  malaria 
and  found  in  the  blood  of  birds  appears  to  be  unaffected  by  quinine. 
When  quinine  is  administered  to  a  patient  suffering  from  malaria  the 
organism  in  the  blood  breaks  up  and  disappears,  leaving  only  a  few 
more  resistant  forms ;  these,  however,  may  continue  to  grow  and  mul- 
tiply until  they  cause  a  second  attack,  unless  the  treatment  be  con- 
tinued and  the  surviving  organisms,  changing  into  less  resistant 
forms,  are  destroyed  by  the  drug. 


Temperature  chart  in  a  case  at  malaria  In  vblcb  gulnlne  (10  grains)  was  admlnlB- 
tered  In  the  third  paroiyam  aa  tbe  temirerature  was  falling.  On  the  following  dar  no 
rla«  of  temperature  occurs.     Tbe  temperature  was  taken  ever;  three  hours.     (Dock.) 

In  a  drop  of  malftrini  Ur^A  thp.  plmmndifl  mny  he  seen  in  active 
movement,  but  a  minute  drop  of  quinine  solution  paralyzes  and"TnTtB~ 
them,  exactly  as  it  kills  the  amceba.  The  explanation  of  tbe  action 
of  quinine  on  malaria  lies  in  its  effects  as  a  protoplasmic  poison, 
therefore,  which  acts  more  strongly  (specifically)  on  the  protoz<M>n 
which  is  the  cause  of  ague,  and  can  consequently  be  introduced  into 
the  human  body  with  impunity  in  doses  which  are  destructive  to  the 
simpler  organisms  which  have  invaded  it.  Experience  has  shown 
that  quinine  is  most  effective  when  it  can  act  immediately  after  the 
paroxysms  of  ague,  and  this  is  now  explained  by  the  fact  that  the 
organisms  are  in  their  least  resistant  form — tbe  amoeboid — at  this 
time.  If  quinine  is  given  at  the  beginning  of  an  attack,  sufficient 
will  remain  in  the  blood  when  the  temperature  begins  to  fall  to 
destroy  the  unprotected  spores  of  the  parasite,  or  the  same  result  may 

D,.lz..L,L.OOg[C 


f  ^    «Bi^  J'^   c^tfftA^  fjM- att>7f. .  \">3Di^T|saOr*;S*''*n*^*''^***^ 

K^|«4t<M«^    •    84iM<i];   (VVA  A|«i».- '^'****»*^  <*»«^  ■  <^rJuAoL   - 
y*^Jt»'^fH22^***}lpBGANIC  SUBSTANCES  ACTIKO  AFTER  ABSOEPTION.  V-^^TtJ  -1. 

UvjU«>>'*-«k  ■    TA^  <Qit^o>««-«  uj^(I«>.^  Ab^lAi.,,.^ 

be  obtained  by  &  doee  given  as  the  temperature  legins  to  fall,  pTovideaOJTT 
tbe  drug  is  rapidly  absorbed,  as  is  ordinarily  the  case.  It  may  1 
ordered  in  one  dose  of  about  1  Qt.  (15  gi^Oi  '^^  i^  divided  doses  given 
at  inten-alg  during  the  fall  of  the  temperature.  This  frequently  pre- 
vents the  next  attack,  but  if  any  rise  of  temperature  occurs,  a  smaller 
dose  should  be  adminiBtered.  After  this  a  dose  of  1  G.  should  be 
given  every  six  days,  in  order  to  complete  the  destruction  of  the 
organisms  which  have  developed  from  the  resistant  forms  left  alive 
after  the  first  administration.  Quinine  is  generally  administered  by 
the  mouth  in  malaria,  but  its  intensely  bitter  taste  renders  this  treat- 
ment disagreeable,  and  in  children  and  in  cases  of  persistent  vomiting 
it  may  be  impossible;  in  such  circumstances  it  may  be  given  in  an 
enema  or  suppository,  or  in  children  the  tasteless  forms  may  be 
employed.  In  recent  years  good  results  have  been  obtained  by  tbe 
hypodermic  method,  and  in  the  severe  form  known  as  pernicious 
malaria,  Bacelli  found  the  intravenous  injection  superior  to  any  other 
method  of  administration.  A  great  deal  of  weight  was  formerly  laid 
on  the  use  of  purgatives  and  emetics  as  preliminaries  to  the  treat- 
ment of  malaria  with  quinine,  and  the  former  are  undoubtedly  of 
service  sometimes,  although  it  is  unnecessary  to  delay  the  quinine 
treatment  by  waiting  for  the  intestines  to  be  evacuated. 

Quinine  is  used  not  only  as  a  remedy,  but  also  as  a  prophylactic 
against  malaria.  Its  value  for  this  purpose  has  been  attested  by  long 
experience,  but  ihere  is  still  no  unanimity  of  opinion  as  to  the  best 
method  of  administration  and  the  dose  required.  Plehn  found  that 
«ne  gramme  of  the  sulphate  given  in  one  dose  every  seven  days  waa 
sufficient  to  prevent  the  disease,  which  is  believed  to  have  an  incuba- 
tion period  of  a  week,  while  others  recommend  doses  of  0.1-0.2  Q. 
(2-3  grs.)  every  morning. 

One  of  the  results  of  quinine  medication  in  early  cases  of  malaria 
is  the  reduction  of  the  enlarged  spleen,  and  this  has  led  to  its  use  in 
other  DiaaasH  of  the  Splasn  with  enlargement.  In  malaria  the  effect 
on  the  spleen  is  only  secondary  to  the  removal  of  the  cause  of  the  dis- 
ease, but  the  action  of  quinine  in  lessening  the  number  of  leucocytaa 
in  the  blood  might  explain  some  alteration  in  the  spleen.  In  some 
cases  of  leucaemic  enlargement  encouraging  residts  have  been  obtained 
from  the  continued  use  of  quinine. 

Various  other  Febrile  Oondltloni  have  been  treated  with  quinine, 
partly  for  the  sake  of  its  antipyretic  effects  and  partly  in  the  belief 
that  it  acts  as  an  antiseptic  in  the  blood.  As  regards  its  effect  on  the 
temperature  in  non-malarial  fever,  it  not  infrequently  causes  a  con- 
siderable fall,  and  has  the  advantage  of  possessing  a  more  prolonged 
action  and  of  causing  less  risk  of  depression  and  collapse  than  the 
newer  antipyretics.  On  the  other  hand,  the  fever  is  not  reduced  so 
rapidly  and  generally  not  to  the  same  extent  as  by  the  latter,  and  the 
large  quantities  of  quinine  required  are  liable  to  cause  discomfort 
from  their  effects  on  the  brain  and  hearing.  Typhoid  fever,  scarla- 
tina and  other  acute  pyrexias  are  sometimes  treated  with  quinine  for 
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this  effect.  The  best  results  are  obtained  when  it  is  exhibited  in 
maximal  doses  when  the  temperature  is  falling  or  when  it  has  been 
temporarily  reduced  by  other  means,  such  as  cold  baths.  Perhaps, 
however,  the  beneficial  action  of  quinine  in  those  cases  ought  to  be 
measured  not  so  much  by  the  reduction  of  the  body  temperature  as 
by  the  lessened  destruction  of  the  tissues.  It  would  be  interesting 
to  know  whether  in  those  cases  in  which  quinine  treatment  is  success- 
ful, the  nitrogen  of  the  urine  is  diminished  in  proportion  to,  or  in 
excess  of  the  fall  of  the  temperature.  In  general,  antipyrine  and  its 
allies  have  succeeded  in  ousting  quinine  from  its  former  position  as 
the  best  of  the  antipyretics.  The  use  of  quinine  has  been  recom- 
mended in  septictemia,  largely  from  a  belief  in  its  antiseptic  action 
in  the  blood.  In  this  connection  it  is  to  be  remarked  that  the  microbes 
of  septic  fever  are  very  much  more  resistant  to  the  action  of  quinine 
outside  the  body  than  are  the  protozoa,  and  the  question  therefore 
arises  whether  the  blood  and  tissues  are  not  liable  to-be  seriously 
injured  by  the  quantity  of  quinine  required  to  act  on  the  parasites 
they  contain.  In  many  cases  of  septicfemia  in  which  beneficial 
results  are  said  to  have  been  obtained  by  the  use  of  quinine,  the  quan- 
tity administered  was  obviously  too  small  to  have  any  effect  either 
on  the  temperature  or  on  the  microbes. 

Quinine  has  been  used  in  various  forms  of  Nanralgia  and  Headach*, 
especially  when  they  were  periodic  in  their  appearance,  and  good 
results  have  been  obtained  in  these  cases  and  also  in  others  where  no 
periodicity  could  be  observed.  Many  of  these  were  certainly  not  of 
malarial  origin,  and  no  explanation  of  the  action  of  quinine  here  has 
been  proposed.  Perhaps  the  lessened  formation  of  uric  acid  and 
other  poisonous  products  may  be  suggested  as  a  possible  cause  of  the 
improvement. 

The  tinctures  of  cinchona  are  often  prescribed  as  stomachic  Uttaifl 
and  for  this  purpose  are  generally  fortified  by  preparations  of  nux 
vomica  or  of  the  simple  bitters. 

Quinine  has  been  advised  in  whooping-cough,  hay  fever  and  in- 
fluenza, and  in  fact  is  regarded  by  many  as  a  specific  in  these  diseases, 
though  others  have  found  it  unreliable.  It  is  often  difficult  to  induce 
a  child  to  take  the  bitter  salts,  and  recourse  may  be  had  to  the  alka- 
loid itself,  euquinine,  or  the  tannate  disguised  with  sugar  or  chocolate. 
The  use  of  a  solution  as  a  wash  for  the  nose  in  hay  fever  was  brought 
into  prominence  by  Helmholtz,  who  gained  relief  in  this  way,  but 
it  has  not  proved  very  efficacious.  The  local  use  of  quinine  solu- 
tions and  of  cinchona  preparations  is  also  advised  in  relaxed  throat 
(gargle)  and  in  gonorrh(Ba  (urethral  injection).  It  has  sometimes 
been  used  as  an  antiseptic  externally,  but  is  too  expensive  for  ordi- 
nary use. 

Quinine  has  been  advised  as  an  ecbolic  to  increase  the  contractions 
of  the  uterus  during  labor.  This  was  suggested  by  the  observation 
that  in  malarial  regions,  abortion  occasionally  occurred  after  quinine, 
and  many  observers  report  the  most  satisfactory  results  from  the 
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treatmeDt  of  uterine  inertia  with  one-gramme  doBee  of  quinine,  and 
prefer  it  to  ergot  in  this  condition.  The  moTomente  of  the  uterus 
induced  are  practically  identical  with  thoee  occurring  naturally. 

Oontra-indicatioiu. — ^Where  a  special  idiosyncrasy  exists,  quinine 
may  he  unsuitable,  hut  these  cases  are  far  rarer  than  is  generally 
believed.  A  moderate  action  on  the  hearing,  for  example,  is  not  to 
be  considered  a  contra-indication,  although  in  those  cases  a  small  dose 
is  often  found  sufficient  in  malaria.  Where  an  inflammatory  condi- 
tion of  the  membranes  of  the  ear  already  exists,  quinine  ought  to  be 
administered  with  care,  or  avoided  entirely  if  possible.  The  addition 
of  bromides  is  often  found  to  lessen  or  remove  the  discomfort  arising 
from  the  disordered  hearing,  but  the  quantity  of  bromide  contained 
in  the  hydrobromate  of  quinine  is  insufficient  to  effect  this,  and  the 
ordinary  potassium  salt  ought  therefore  to  be  prescribed.  Where 
very  marked  disturbance  of  the  digestion  exists,  quinine  is  often  liable 
to  augment  it,  owing  to  its  irritant  properties,  and  must  therefore  be 
given  with  caution  by  the  mouth,  or  perhaps  is  better  applied  hypo- 
dermically.  Htemoglobinuria  following  the  administration  of  qui- 
nine, of  course,  contra-indicates  its  further  use.  Abortion  so  seldom 
occurs  after  quinine  that  pregnancy  is  no  objection  to  its  administra- 
tion. In  general,  it  may  be  stated  that  quinine  is  often  credited  with 
many  disadvantages  which  it  does  not  possess,  and  that  in  cases  of 
malaria,  in  which  it  is  practically  without  a  rival  or  substitute,  only 
the  most  pronounced  idiosyncrasy  can  justify  withholding  it.  In 
other  cases,  as  in  septic  fever,  it  may  he  a  question  whether  it  does 
not  a^ravata/  the  condition  when  it  is  administered  to  very  weak 
patients.       / 
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XXVIIL     THE  AITTIPTKETIOS.     (AOETAIIILEDE  AUS  ANTIFTBIHE 
SBB3EB.) 

The  antipyretics  are  a  very  recent  addition  to  therapeutics,  the 
oldest  of  this  group  now  in  use  dating  only  from  1884.  Up  to  1876 
the  only  means  of  combating  high  temperature  were  baths,  vegetable 
alkaloids,  such  as  quinine  and  aconitine,  or  alcoholic  preparations, 
but  in  that  year  Buss  discovered  that  salicylic  acid  produced  a  fall  in 
the  fever  temperature,  and  soon  afterward  carbolic  acid  and  resorcin 
and  its  isomers  were  employed  as  antipyretics.  A  very  large  number 
of  antipyretics  have  been  introduced  since  that  time,  but  most  of  them 
have  had  only  a  temporary  vogue,  and  those  in  general  use  at  the 
present  time  are  comparatively  limited  in  number. 

Qoinine  is  a  qninoliae  derivative,  and  qninolise  itself,  as  well  as  some  of  its 
simpler  compounds,  were  among  tbe  earlier  antipyretics  suggest«d.  QmnoUne 
(C^,N)  was  soon  found  to  be  dangerous  from  its  prodacing  coUapee,  but  its 
derivatives  Katrine  (Cja,(OH)N— C^),  KairoUne  {C^.(CH,)  (OH)NH) 
and  Thalline  (C^{OCH,)NH)  were  used  extensively,  although  they  have 
now  been  almost  entirely  abandoned.  In  fsct  the  only  quinoline  bodies  now 
used  as  antipyretics  are  Analgen  and  Thermifugitte,  which  are  still  prescribed 
to  a  limited  extent. 

A  new  antipyretic  was  introduced  in  1884  under  the  name  of  Antipyrine, 
which  is  derived  from  phenylhydrazine,  and  has  proved  superior  to  all  of  the 
earlier  drugs.  Phenylhydrazine  (C.H,— NH— NH,)  produces  a  fall  in  the 
fever  temperature,  but  this  is  frequently  accompanied  by  collapse  and  changes 
in  the  blood,  which  prevents  its  ase  in  medicine.  Several  of  Uie  simpler  com- 
pounds, such  as  Pyrodine  (acetylphenyl hydrazine)  bjiA  Antithermine  (phenyl- 
hydrazine  and  hevulinic  acid),  have  received  a  more  or  less  extensive  trial  as 
antipyretics,  but  have  proved  dangerous  and  inferior  to  Antipyrine,  phenyl- 

dimethylpyrazolon,  C^<     !l       '       -J^     *.    The  latter  is  still  very  largely 

used  as  an  antipyretic,  eitber  in  its  original  form  or  as  a  coostitnent  of  numer- 
ous combiaations  which  have  been  introduced  of  late  years.  Among  these 
may  be  mentioned  Regopyrine  (resorcin  and  antipyrine),  Hypnal  (chloral 
and  antipyrine),  SaUpyrine  (saUcylic  acid  and  antipyrine). 

Antipyrine  early  found  a  rival  in  Antifebiine  or  Acetanillds,  which  was 
advised  as  an  antipyretic  in  1886  by  Cahn  and  Hepp.  Aniline  (C^.NH,), 
from  which  it  is  derived,  has  also  some  action  on  the  temperature,  but  like 
phenylhydrazine  produces  dangerous  collapse  and  destruction  of  the  blood 
cells.  Acetanilide  ( C.H.NHCOCH,) ,  the  first  of  its  derivatives  to  be  intro- 
duced, is  not  entirely  devoid  of  this  poisonous  action,  and  has  been  supplanted 
to  a  considerable  extent  by  more  complex  and  less  poisonous  bodies.  One  of 
these,  Exalgine  ( C^,NCH,COCH,) ,  differs  from  antifehrine  only  in  possess- 
ing a  methyl  group  in  the  side  chain,  and  seems  to  resemble  it  closely  in  its 
effects.  Another  which  enjoyed  a  short  trial  is  Benzanilide  (C,H,NHC,H,0), 
in  which  the  acetyl  radicle  of  antifehrine  is  replaced  by  benzoyl.  It  was  soon 
found  that  both  aniline  and  antifehrine  underwent  a  partial  oxidation  in  the 
body,  with  the  formation  of  amidophenol  or  its  derivatives,  and  tbe  belief  that 
the  antipyretic  effects  were  due  not  so  much  to  the  original  substance  as  to 
these  oxidation  products  led  to  the  introduction  of  numerous  derivatives  of 
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paramidophenol  (C«H<<>tti  )•  "^^  body  has  antipyretic  propertiee  bnt 
enfleis  under  the  same  disadvantages  as  aniline.  Among  its  derivatives  the  most 
satiBfaetory  antipyretics  are  those  in  vhich  the  hydrogen  of  the  hydrozyl  is 
substituted  by  an  alkyl,  while  an  acid  radicle  is  added  to  Uie  amido-radicle.  The 
flrat  of  its  componnds  to  be  introduced  was  Pbenacetine  (CJB.<^?^*^*^') 
which  differs  from  antifehrine  only  in  the  addition  of  ethoxyl  in  the  para  posi- 
tion. Methacetme,  which  resembles  phenacetine  in  all  points  save  in  methoxyl 
b«ng  substituted  for  etboxyl,  appeased  about  the  same  time.  Phenacetiue  waa 
found  to  be  much  less  dangerous  than  acetanilide  and  sntipyrine,  and  has 
therefore  been  largely  ueed,  and  has  been  followed  by  other  bodies  which  are 
identical  with  it,  except  in  the  acid  radicle  attached  to  the  nitrogen.  Among 
these  phenetidines  may  be  mentioned  Lactophenine  (lactyl-phenetidine), 
Maiakina  {salicyl-phenetidine),  and  ScUiphen  and  Salophen,  which  contain 
similar  constituents,  Apolysine  and  Citrophen  (eitryl-phenetidine),  Kryopnt 
(methy^lycolic-phenetidine) ,  and  PhenocoU  (glycocoU-phenetidine),  with  its 
compound  with  salicylic  acid,  SaiocoU. 

Several  urethane  derivatives  have  also  received  a  trial  as  antipyretics, 
among  them  being  Euphorine  (phenylnrethane),  which  is  somewhat  poison- 
ous, Thermodine  (phenacetine-uretbane),  and  Neurodine  (acetoxypbenyl- 
nrethane). 

With  the  exception  of  antipyrine  &nd  th^  quinoline  compounds,  all 
the  antipyretics  at  preeent  in  use  probably  owe  their  activity  to  the 
formation  of  Gimple  derivatives  of  paramidophenol  in  the  tissuea, 
and  differ  chiefly  in  the  rapidity  with  which  this  decomposition 
occurs.  A  rapid  formation  of  paramidophenol  produces  destructive 
blood  changes  and  a  tendency  to  collapse,  while  the  antipyretic  effects 
pass  oft  very  rapidly.  Those  drugs  are  found  the  most  satisfactory 
antipyretics  in  which  the  decomposition  proceeds  gradually,  so  that 
the  temperature  falls  slowly  and  remains  low  for  a  longer  time.  The 
simpler  antipyretics,  such  as  antifehrine,  have  given  way  largely 
therefore  to  the  phenetidine  compounds.^  Among  these  it  is  impos- 
sible to  determine  the  most  suitable  antipyretic,  but  none  of  them  has 
been  proved  to  be  superior  to  phenacetine.  Where  the  merits  seem 
BO  equally  divided,  it  is  perhaps  more  important  to  learn  to  use  one 
with  judgment  than  to  hurry  after  each  new  product  without  sufficient 
experience  of  its  predecessor. 

SsnnptoHuk. — The  effects  of  the  antipyretics  vary  not  only  with  the 
dose  but  with  the  individual  patient.  Many  persons  can  take  very  large 
doses  without  apparent  effect,  while  in  others  comparatively  minute 
quantities  produce  symptoms  of  greater  or  less  importance.  The 
effects  are  not  always  the  same,  even  in  one  individual  under  the 
same  dose  of  the  antipyretic,  and  it  is  impossible  to  state  at  present 
what  are  the  conditions  that  involve  the  peculiar  train  of  symptoms. 
A  very  large  number  of  disorders  have  been  attributed  to  the  anti- 
pyretics in  man,  but  it  is  impossible  to  consider  any  here  except  those 
more  commonly  observed.  Among  these  are  skin  eruptions  of  various 
forms,  such  as  red,  erythematous,  itching  patches  or  more  widely 
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diffused  bypenemia  resembling  the  oneet  of  measles  or  scarlatina; 
urticaria  occurs  not  uncommonly,  while  eczema  and  bullae  are  rarer. 
In  some  cases  an  oedematous  swelling  has  been  observed.  Some  fever 
occasionally  accompanies  the  eruption  and  renders  the  diagnosis  from 
the  infectious  exanthemata  even  more  difficult.  These  skin  affec- 
tions seem  to  be  elicited  more  frequently  by  antipyrine  than  by  anti- 
febrine  and  the  phenctidine  compounds.  They  have  been  attributed 
to  dilatation  of  the  cutaneous  vessels,  but  this  in  itself  is  insufficient 
to  explain  their  appearance,  although  it  may  be  a  favoring  condition. 
Profuse  perspiration  not  infrequently  follows  the  use  of  the  anti- 
pyretics in  fever,  and  if  the  fall  in  temperature  be  rapid,  and  the 
action  of  the  drug  passes  off  soon,  the  subsequent  rise  of  temperature  . 
may  be  accompanied  by  shivering  and  rigor,  but  these  symptoms  are 
scarcely  to  be  looked  upon  as  direct  effects  of  the  drug,  but  rather  as 
resulting  from  the  rapid  changes  in  temperature.  They  are  pro- 
duced much  more  frequently  by  the  older  and  simpler  antipyretics 
than  by  those  of  more  recent  introduction. 

Sometimes  catarrh,  burning  and  swelling  of  the  throat  and  mouth 
are  observed  after  antipyrine,  and  more  rarely  nausea  and  vomiting. 
Cerebrai  symptoms  are  rarely  elicited  beyond  slight  dulness,  confu- 
sion or  apathy.  Alterations  of  the  hearing  similar  to  those  described 
under  quinine  have  been  observed  in  some  cases.  More  serious  symp- 
toms are  those  of  collapse,  which  are  occasionally  produced  in  sus- 
ceptible persons,  especially  by  large  doses.  Antifebrine  is  much 
more  liable  to  elicit  these  than  antipyrine,  which  in  turn  is  more 
dangerous  than  phenacetine  and  the  other  phenetidine  deriva- 
tives. In  the  milder  cases  of  collapse  the  skin  is  cool,  the  pulse  is 
rather  small  and  rapid,  and  some  anxiety  and  alarm  is  felt  by  the 
patient,  but  the  condition  passes  off  in  a  short  time.  In  more  severe 
cases  the  skin  is  cold  and  covered  by  a  clammy  perspiration,  the  heart 
is  weak,  irregular  and  sometimes  fluttering,  the  temperature  may  be 
subnormal  and  the  pupils  are  slightly  dilated.  The  patient  may  be 
conscious,  fainting  may  occur,  or  an  apathetic,  confused  condition 
may  be  produced.  The  weakness  of  the  heart  is  the  chief  source  of 
anxiety,  and  the  total  failure  of  the  circulation  seems  to  be  the  cause 
of  death.  These  cases  of  collapse  occur  more  frequently  when  a 
rapid  fall  of  temperature  has  been  produced  than  under  other  cir- 
cumstances, but  may  be  observed  in  cases  in  which  no  fever  has 
been  present. 

Marked  cyanosis  occurs  occasionally  under  all  the  antipyretics,  but 
more  frequently  under  antifebrine  and  the  earlier  members  of  the 
series  than  under  antipyrine  and  the  phenetidine  compounds.  Its 
chief  cause  appears  to  be  the  formation  of  metbsemoglobin  in  the 
blood,  although  it  is  said  to  have  been  present  in  some  cases  in  which 
this  pigment  could  not  be  recognized,  and  it  is  often  more  intense 
than  that  observed  from  the  action  of  other  poisons  which  lead  to  the 
formation  of  metluemoglobin ;  this  su^ests  that,  in  some  cases  at 
least,  the  cyanosis  arises  from  feebleness  of  the  circulation  rather 
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than  from  changes  in  the  blood  pigment.  It  is  often  accompanied  by 
dyspntea  and  acceleration  of  the  pulse,  and  it  lasts  for  a  varying 
length  of  time,  sometimes  passing  off  in  a  few  hours,  at  other  timea 
persisting  for  several  days. 

Occasionally  a  certain  tolerance  is  gained,  and  larger  doses  of  the 
antipyretics  are  required  to  produce  effect  than  were  necessary  at  the 
beginning  of  the  treatment.  A  few  cases  of  chronic  poisoning  are 
recorded  from  the  habitual  use  of  acetanilide.  The  symptoms  con- 
sist in  disturbance  of  the  digestion,  cyanosis,  tremor,  muscular  weak- 
ness and  general  mental  debility ;  the  blood  is  often  chocolate  colored 
from  the  formation  of  methsemoglobin,  and  the  urine  often  contains 
haemoglobin,  or  its  products,  or  may  be  colored  by  the  oxidation 
products  of  paramidophenol.  The  condition  is  sometimes  difficult  to 
recognize,  especially  as  the  patient  may  deny  that  the  drug  has  been 
taken.  The  symptoms  disappear  rapidly  when  the  drug  is  given  up, 
but  the  sudden  withdrawal  may  cause  acute  mental  symptoms  similar 
to  those  induced  in  morphinomaniacs  when  the  administration  of 
morphine  is  stopped  too  suddenly. 

These  drags  are  by  no  means  very  poieonous,  normal  animals  showing  no 
reaction  to  doses  which  are  EufSctent  to  cause  marked  changes  in  fever.  In 
the  frog  Antipyrine  causes  an  increase  in  the  reflex  irritability,  which  some- 
times leads  to  tetanic  convulsions  and  is  followed  by  depression,  loss  of  th« 
voluntary  movements,  and  eventually  by  complete  paralyras  and  death. 
In  mammals  its  injection  is  followed  at  fiist  by  a  period  of  quiet  and 
BOmetimea  of  EomDolence,  which  is  said  by  some  authors  to  occur  also  in  the 
fro?  previous  to  the  increase  in  the  reflex  irritability.  Some  rise  in  the  reflex 
irritability  may  be  made  out  in  the  mammal  at  this  stage,  and  large  doses 
cause  convulsions  and  tremors,  and  subsequently  unconscioasness  and  col- 
lapse, ending  in  complete  paralysis.  The  pulse  is  accelerated  by  small  doses, 
while  in  the  later  stages  of  poisoning  it  may  be  slow,  and  some  dilatation  of 
the  skin  vessels  and  flushing  have  been  observed.  The  respiration  is  at  flrst 
accelerated,  and  then  becomes  slow  and  irregular  when  large  doses  are 
injected.     In  dogs  vomiting  and  dilatation  of  tbe  pupil  generally  occur. 

Antlfebrine  is  more  poisonous  than  antipyrine  in  both  frogs  and  mammals, 
hut  resembles  it  in  its  general  effects,  producing  first  a  more  or  less  marked 
stage  of  lessened  activity,  followed  by  convulsive  movements.  The  respira- 
tion is  not  so  much  accelerated  as  by  antipyrine,  and,  according  to  some 
observers,  is  slow  from  the  beginning  of  the  action.  The  heart  is  flrst  accel- 
erated and  then  slow  and  irregular,  and  cyanosis  and  collapse  are  more 
frequently  observed  than  under  antipyrine.  Phenacetlne  and  its  allies  are 
much  less  poisonous  than  the  two  foregoing,  but  in  large  quantities  produce 
almost  identical  effects — somnolence  followed  by  convulsions,  cyanosis  and 
collapse  symptoms,  flrst  rapid,  then  slow  respiration  and  heart.  Analgen, 
which  may  be  taken  as  a  type  of  the  quinolme  derivatives,  acts  in  a  very 
similar  way  to  the  others,  and  is  more  toxic  than  phenacetine,  and,  according 
to  some  writers,  than  antipyrine.  Some  depression  of  the  spontaneous  move- 
ments and  of  the  reflexes  is  described  as  following  its  administration  to  mam- 
mals, and  lai^  doses  produce  convulsions  and  cyanosis.  Lactophenine  is 
said  to  have  a  more  sedative  effect  than  the  other  antipyretics,  and  to  induce 
complete  narcosis  in  the  rabbit. 

Action. — The  action  of  these  drugs  on  the  various  organs  is  very 
imperfectly  understood.     The  Nerro  Oentrei  are  affected,  aa  is  shown 
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by  very  slight  somnolence  occasionally  in  animals  and  also  in  man, 
but  much  more  frequently  by  the  relief  of  pain  ae  in  neuralgia  and 
headache;  this  is  generally  attained  without  any  observable  depres- 
sion ol  mental  activity  and  is  therefore  quite  distinct  from  the  anal- 
gesia obtained  by  the  use  of  morphine  or  ansesthetics.  This  suggests 
that  the  antipyretics  relieve  pain  by  affecting  some  point  lower  than 
the  cerebral  cortex,  vrhich  may  be  assumed  to  be  a  synapse  on  the  path 
conveying  pain  sensations ;  there  are  two  of  these,  one  in  the  spinal 
cord  and  one  in  the  thalamus,  and  as  the  antipyretic  action  of  this 
group  is  due  to  changes  in  the  thalamus,  it  seems  likely  that  their 
action  in  abating  pain  may  be  located  here  also  (Head).  Most  of 
the  antipyretics  increase  the  excitability  of  the  spinal  cord  at  first, 
and  this  raay  lead  to  convulsions  in  the  frog.  The  origin  of  the  con- 
vulsions in  DiammalB  is  still  somewhat  doubtful;  in  general,  they 
seem  to  be  of  cerebral  origin,  but  when  large  quantities  are  Injected 
they  are  seen  even  when  the  spinal  cord  is  divided  from  the  brain,  so 
that  the  cord  appears  to  be  thrown  into  a  condition  resembling  that 
discussed  under  strychnine  poisoning.  In  considering  the  cause  of 
these  convulsions  perhaps  too  little  weight  has  been  kid  by  some 
writers  on  the  changes  in  the  blood,  respiration  and  circulation,  for 
it  is  possible  that  the  convulsions  in  some  cases  are  asphyxial  in  char- 
acter, and  not  due  to  the  direct  action  of  the  poisons  on  the  brain.  In 
ordinary  poisoning  the  peripheral  Nerves  and  nerve  ends  do  not  seem 
to  be  seriously  involved,  and  the  final  paralysis  in  both  frogs  and  mam- 
mals is  undoubtedly  central.  Santesson  found  that  fintipyrine  tended 
to  increase  the  power  of  the  frog's  Hnadafl)  and  several  observers  have 
noted  that  the  nerves  and  motor  terminations  are  paralyzed  by  the 
direct  application  of  this  drug.  Antipyrine  has  some  effect  as  a  local 
ansfsthetic  when  applied  to  the  mucous  membranes. 

The  Heart  in  the  frog  and  mammals  is  first  accelerated  and  then 
slowed  by  the  antipyretics  in  general,  these  alterations  being  entirely 
independent  of  the  inhibitory  mechanism  and  due  to  a  direct  effect  on 
the  cardiac  muscle.  The  increased  rhythm  of  the  heart  leads  to  a 
slight  rise  in  the  blood-pressure,  which  siuks  again  as  the  pulse  becomes 
slower.  There  is  no  satisfactory  proof  that  the  vaso-motor  centres 
are  involved  in  the  rise  of  pressure,  although  it  is  not  unlikely  that 
they  undergo  a  primary  stimulation  at  the  same  time  as  the  respira- 
tory centre.  The  vessels  are  said  to  be  dilated  by  the  perfusion  of 
antipyrine  solutions,  but  it  seems  improbable  that  this  plays  any  role 
in  ordinary  methods  of  application. 

Most  of  this  series  except  antipyrine  and  its  compounds  tend  to 
cause  alterations  in  the  Bad  Blood  Cells  when  they  are  given  in  large 
quantities.  This  action  is  manifested  especially  by  the  simpler  bodies 
of  the  series,  and  is  still  more  marked  in  poisoning  from  aniline, 
phenylhydrazine,  paramidophenol  or  quinoline.  On  the  other  hand, 
most  of  the  phenetidine  compounds  produce  it  much  more  rarely,  and 
antipyrine  seems  devoid  of  this  action.  The  alteration  consists  in  the 
formation  of  methsemoglobin,  which  may  be  readily  detected  by  its 
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characteristic  epectroseopic  appearance.  Small  qaantitieH  of  the  anti- 
pyretics cause  its  formation  within  the  hlood-cella,  which  remain 
intact,  but  larger  doaes,  eapeciallj  of  the  more  poisonous  members, 
destroy  the  red  blood  cells  and  free  the  metluemoglobin  in  the  plasma. 
In  the  blood  various  distorted,  shrunken  red  cells  may  he  observed, 
often  entirely  devoid  of  coloring  matter,  while  part  of  the  metluemo- 
globin  seems  to  escape  through  the  kidneys,  and  nephritis  occurs  in 
some  cases  with  albumin,  heemoglobin  and  even  blood  in  the  urine. 
This  effect  on  the  blood  seems  due  to  the  decomposition  of  the  anti- 
pyretics and  the  flooding  of  the  tissues  with  paramidophenol,  or  the 
corresponding  quinoline  derivative.  This  decomposition  proceeds 
more  slowly  in  phenacetine  and  its  allies  and  is  absent  after  anti- 
pyrine,  which  explains  the  rarity  of  the  symptoms  after  these  drugs. 
When  the  antipyretics  are  added  to  blood  outside  the  body  no  methee- 
mc^lobin  is  formed,  as  this  effect  arises  only  frinn  their  decomposi- 
tion producta. 

All  of  the  antipyretics  have  some  Antiseptic  action,  which  varies  in 
the  different  members  with  their  solubility  and  stability.  Antipyrine 
is  found  to  preserve  blood  from  putrefaction  for  some  days  when 
added  to  it  so  as  to  form  a  solution  of  2—5  per  cent.  Watery  solu- 
tions of  this  strength  destroy  protozoa  and  stop  the  movements  of  the 
leucocytes,  but  antipyretics  administered  to  the  higher  animals  have 
no  such  effect  on  the  emigration  of  the  leucocytes  from  the  vessels  as 
is  seen  under  quinine. 

The  action  of 'the  antipyretics  on  the  Uetaboliam  of  healthy  men 
and  animals  has  been  the  subject  of  a  number  of  investigations  which 
have  given  by  no  means  uniform  results,  especially  in  regard  to  the 
nitrogen  elimination.  Aniipyrine  has  no  influence,  or  only  an  insig- 
nificant one,  on  the  metabolism  of  the  healthy  tissues,  whether  this 
he  measured  by  the  nitrogenous  excretion  or  by  the  gaseous  exchange 
in  the  lungs. 

Aniifebrijie,  on  the  other  hand,  has  a  distinct  effect  on  the  nitrogen 
eliminated,  although  this  is  only  elicited  by  large  doses.  After  ordi- 
nary quantities  the  urea  and  total  nitrogen  of  the  urine  may  he  slightly 
augmented,  hut  in  large  doses  antifebrine  causes  an  increase  of  30-35 
per  cent,  in  these,  which  indicates  a  large  increase  in  the  tissue  waste. 
The  other  aniipyrelics  have  not  been  examined  so  carefully.  Thai- 
line  is  said  by  Kumagawa  to  increase  the  nitrogen  eliminated  like 
antifebrine,  while  some  others  have  been  said  to  lessen  the  metabolism 
in  health,  but  these  statements  require  confirmation.  As  regards  the 
oxidation  in  the  tissues  as  measured  by  the  exchange  of  gases  in  the 
lungs,  the  antipyretics  have  not  been  shown  to  have  any  effect  in 
healthy  animals. 

The  excretion  of  uric  acid  under  the  antipyretics  has  also  been  the 
subject  of  repeated  examination,  hut  no  definite  change  has  been  found 
to  be  induced  hy  them. 

The  specific  effects  of  the  antipyretics  on  the  Temperatnre,  while 
recc^ized  hy  all,  have  been  the  subject  of  endless  discussion,  owing 
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to  the  complex  meehaiiisin  tliTongh  which  thej  are  elicited.  In  the 
normal  animal  the  temperature  is  hat  little  altered,  except  by  doses 
large  enough  to  produce  collapse,  but  when  it  is  abnormally  high,  as 
in  fever,  the  antipyretics  cause  a  fall  of  greater  or  less  extent.  This 
fall  in  temperature  occurs  at  varying  intervals  after  the  ingestion  of 
the  drug,  but,  except  in  refractory  cases,  always  begins  within  2—3 
hours.  Its  extent  varies,  the  temperature  sometimes  reaching  the 
normal  or  even  a  subnormal  point,  while  in  others  the  change  is  insig^ 
nificant.  Continuous  fever  without  any  natural  rise  and  fall  is  mndi 
less  affected,  as  a  general  rule,  than  one  with  alternate  rise  and  fall 
of  the  temperature,  and  in  the  latter  form  the  result  is  much  greater 
if  the  drag  be  given  at  the  beginning  of  one  of  the  natural  remissioiiB. 

The  fall  in  temperature  is  often  accompanied  by  flushing  of  the 
skin  and  perspiration.  The  osygen  absorbed  and  the  carbonic  acid 
excreted  are  lessened,  and  the  urea  and  nitrf^n  of  the  urine  are  also 
diminished  after  antipyrine,  while  they  are  not  infrequently  increased 
after  antifebrine,  especially  when  administered  in  large  quantities.* 
The  heart  is  often  reduced  in  rate,  and  the  pulse  improves  in  strength, 
but  these  changes  are  due  to  the  fall  in  the  temperature  and  not  to  the 
direct  action  of  the  drugs.  Some  remedies  owe  their  antipyretic 
properties  to  their  increasing  the  secretion  of  the  sweat  glands,  but 
although  perspiration  not  infrequently  occurs  during  the  fall  of  tem- 
perature under  the  new  antipyretics,  this  is  merely  a  secondary  result 
here,  for  when  the  perspiration  is  checked  by  atropine  or  agaricin,  the 
fall  of  temperature  proceeds  uninterruptedly. 

The  temperature  in  healthy  warm-blooded  animals  is  kept  uniform 
through  a  balance  being  established  between  the  heat  formation  and  its 
dissipation  through  the  lungs,  skin  and  other  organs.  If  an  excessive 
formation  occurs,  as  during  muscular  exertion,  this  is  counterbalanced 
by  an  increase  in  the  output  from  the  skiri  through  the  dilatation  of 
the  vessels  and  by  the  perspiration.  If,  on  the  other  hand,  more  heat  is 
dissipated  than  usual  through  exposure  to  cold>  the  combustion  of  the 
tissues  is  increased  and  more  heat  is  formed.  The  output  of  heat  is 
thus  determined  by  the  degree  of  dilatation  of  the  cutaneous  vessels 
and  the  activity  of  the  sweat  glands,  while  the  amount  of  heat  formed 
varies  with  the  voluntary  and  involuntary  contractions  of  the  muscles. 
In  order  to  preserve  a  balance  between  these  two  factors,  there  must 
.  exist  a  coordinating  mechanism,  and  this  is  supposed  to  be  located  in 
the  basal  ganglia  of  the  cerebrum,  in  the  region  of  the  corpus  striatum. 
Lesions  in  this  neighborhood  generally  cause  a  very  marked  rise  in 
the  temperature,  often  without  further  disturbance,  and  it  is  of  inter- 
est to  learn  that  as  long  as  the  cerebrum  is  intact,  shivering  is  pro- 
duced by  cold,  while  after  the  section  of  the  peduncles  the  animal 
offers  no  resistance  to  a  fall  of  temperature  produced  by  cooling  of 
the  surface. 

'  Eren  when  tbe  nitropenooB  metabolism  is  redneed  bj  sntip^tiu  in  fever,  it 
ia  laid  to  be  retnsrkablr  iDcreaMd  ss  tbe  temperstnTB  Tisea  again,  k>  tli&t  no  real 
«e«notii7  of  pToteioa  reanlta  from  tbeir  nw. 
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Other  facts  might  also  be  adduced  to  show  that  in  the  normal  ani- 
mal the  temperature  ie  kept  uniform  bj  this  coordinating  mechanism, 
which  controls  both  the  output  of  heat  through  the  skin  and  its  for- 
mation by  the  contractions  of  the  skeletal  muscles.  In  many  indi- 
viduals this  coordination  is  not  perfect  in  health,  and  in  all  it  may 
be  disorganized  by  poisons,  such  ae  thoee  formed  in  fever.  The  more 
perfect  the  coordination,  the  smaller  is  the  divergence  from  the  normal 
temperature  necessary  to  elicit  a  protective  increase  in  the  combustion 
or  in  the  dissipation.  The  efficiency  of  the  mechanism  may  therefore 
be  measured  by  observing  what  fall  of  the  body  temperature  occurs 
before  shivering  sets  in,  what  rise  produces  dilatation  of  the  cutaneous 
vessels  and  perspiration.  In  this  way  it  has  been  found  that  during 
fever  the  coordination  is  quite  aa  perfect  as  in  health,  but  that  the 
protective  reactions  are  induced  at  a  higher  temperature.  Thus, 
Richter  found  that  a  normal  dog  (temperature  38.6°  C.)  protected 
itself  by  shivering  when  its  temperature  was  reduced  by  cold  to  37.9°, 
while  profuse  perspiration  broke  out  when  its  temperature  was  raised 
to  39.1°.  The  same  dog  suffering  from  fever  (temperature  40,4°  C.) 
reacted  by  shivering  when  its  temperature  was  reduced  to  40.2°  and 
by  perspiration  when  it  rose  to  40.9°,  The  coordination  ie  not 
destroyed  or  paralyzed  by  fever  therefore,  for  it  is  in  this  case  more 
sensitive  to  alterations  of  the  body  temperature  than  in  the  normal 
animal.  The  same  measures  are  taken  to  preserve  a  uniform  temper- 
ature as  in  health,  but  the  temperature  maintained  by  these  means  Is 
higher.  If  a  eompariaou  be  made  with  the  thermostat  of  the  labora- 
tory, it  may  be  said  that  in  fever  the  mechanism  is  "  set "  for  a  higher 
temperature  than  in  normal  life,  but  that  the  apparatus  acts  efficiently 
for  each  temperature.  This  higher  temperature  is  maintained  by  an 
increased  metabolism  or  heat  formation,  and  also  in  most  cases  by  a 
lessened  dissipation.  The  fever  temperature  itself  seems  to  increase 
the  metabolism,  the  tissues  undergoing  more  rapid  waste  under  it 
than  in  normal  conditions.' 

The  first  explanation  of  the  antipyretic  action  of  this  series  was 
that  they  lessened  the  metabolism  in  the  same  way  as  quinine,  and 
thus  lessened  the  heat  production.  This  view  was  suggested  by  the 
fact  that  some  of  them,  such  as  kairine  and  thalline,  are  derivatives 
of  quinoline,  like  quinine,  and  it  was  supported  by  the  observation 
that  the  nitrogen  eliminated  and  the  oxygen  absorbed  were  reduced  in 
amount  by  their  action  in  fever.  This  explanation  has  of  late  years 
been  abandoned  by  the  great  majority  of  the  investigators  of  the  sub- 
ject The  lessened  tissue  waste  which  is  observed  under  the  action  of 
the  antipyretics  in  fever  is  not  due  to  their  direct  action  on  the  tissues, 
but  to  the  fall  of  temperature,  the  metabolism  proceeding  more  slowly 
when  the  heat  is  reduced.  If  they  acted  on  the  tissues  directly  in 
fever,  they  would  have  a  similar  effect  in  health  (cf.  quinine), 

'  It  most  not  he  supposed  from  tlie  foregoing  statementa  tliat  ferer  eonrista 
only  in  an  alteration  of  the  normal  temperature.  This  is  onl^  one  of  the  ^mptoms 
produced  by  tha  poisona  of  fever,  bnt  is  the  only  one  affected  by  the  antipjntiw. 
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whereas  antipyrine  haa  no  appreciable  effect  here,  and  antifebrme 
actuallj  increases  tissue  waste. 

Calorimetrie  invegtigations  have  shown  that  the  dissipation  of  heat 
in  fever  is  much  inoreased  by  the  antipyretics,  while  in  health  they 
seem  to  have  little  effect.  This  augmentation  in  the  output  is  due  to 
dilatation    of    the    cutaneous  _ 

vessels,  which  exposes  a  large 
amount  of  blood  to  the  cold 
air.  The  dilatation  is  great 
^ough  to  be  recorded  by  the 
plethysmograpb  in  many  cases, 
while  in  others  flushing  of  the 
skin  may  be  observed.  The 
increased  dissipation  of  heat 
is  accompanied  by  a  lessened 
formation  which,  however,  ia 
much  lees  important  and  which 
is  generally  attributed  to  the 
metabolism  proceeding  less 
actively  at  the  lower  tempera- 
ture. In  other  words,  the 
antipyretics  reduce  the  tem- 
perature by  increasing  the 
output  of  ^at,  and  the  cells 
of  the  body  grow  and  change 
less  when  removed  from  the 
hot-house  temperature 
which  they  have  been  exposed 
previously.  It  must  be  added, 
however,  that  some  observers 
hold  that  the  fall  in  heat  for- 
mation is  too  great  to  be  ex- 
plained in  this  way,  and  sup- 
pose that  the  antipyretics  les- 
sen the  combustion  through  some  other  action,  but  not  by  affecting 
the  tissues  directly. 

It  has  been  stated  already  that  the  fevered  animal  resists  any  change 
in  its  temperature  in  the  same  way  as  the  normal,  and  it  might  there- 
fore be  expected  that  when  the  temperature  is  reduced  by  antipyretics 
the  organism  would  at  once  increase  its  heat  formation.  The  fact 
that  this  does  not  occur,  but  that,  on  the  contrary,  the  metabolism  is 
lessened,  indicates  that  some  further  change  occurs,  that  the  anti- 
pyretics not  only  reduce  the  temperature  by  allowing  the  beat  to 
eecape,  but  also  alter  the  condition  of  the  coonlinating  mechanism  by 
which  the  temperature  is  kept  uniform.  To  return  to  the  comparison 
with  a  thermostat,  the  body  temperature  is  set  at  a  lower  point  by  the 
antipyretics,  while  it  is  set  higher  by  the  fever  poisons. 

The  action  of  the  antipyretics  on  this  coordinating  centre  is  there- 
fore of  interest,  and  has  been  examined  both  in  health  and  disesBe. 
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Iq  healthy  men  the  temperature  does  not  undergo  avj  marked  change 
under  the  antipyretics,  for  though  it  may  fall  a  few  tenths  of  a  degree 
in  Bome  cases,  this  ie  of  no  significance.  The  sensitiveness  of  the 
coordinating  centre  is  increased  apparently,  however,  for  in  some 
individuals  in  whom  hard  muscular  work  causes  a  rise  of  temperature 
normally,  this  is  ahsent  or  less  marked  after  the  antipyretics.  In  the 
same  way  the  rise  of  temperature  which  occasionally  is  caused  by 
very  hot  baths,  is  absent  or  diminished  when  antipyrine  has  been 
administered  previously.  When  the  basal  ganglia  are  cut  off  from 
their  connections  with  the  lower 
part  of  the  body,  neither,  septic 
injections  nor  antipyretics  have 
any  effect  on  the  temperature, 
while  after  section  above  the 
basal  ganglia,  fever  is  caused, 
and  the  antipyretics  induce  the 
usual  fall  of  temperature  (Sa- 
wadowsky).  In  experiments  La 
which  a  high  fever  was  pro- 
duced by  lesions  in  the  neigh- 
borhood of  the  ganglia,  Gottlieb 
found  that  the  antipyretics  re- 
duced the  temperature  and  in- 
creased the  output  of  heat  to  a 
marked  extent,  while  the  for- 
mation was  increased  to  a  less 
degree. 

Finally,  the  condition  of  tht 
centre  has  been  examined  hy 
Stem  and  Richter  after  the 
temperature  had  been  reduced 
by  antipyretics.  They  both 
found  that  the  protective 
mechanism  was  called  into  play 
when  the  temperature  was 
slightly  raised,  and  generally  when  it  was  depressed.  For  example, 
a  fevered  dog  (temperature  40.9°  C.)  received  a  dose  of  kairine,  and 
its  temperature  was  reduced  to  37.6°.  Attempts  were  now  made  to 
raise  the  temperature  by  external  heat,  but  the  animal  resisted  this  by 
increasing  the  output  as  soon  as  the  temperature  rose  to  37.8°.  The 
coordination  which  maintained  the  temperature  at  40.9°  before  the 
drug  was  administered  now  attempted  to  keep  it  at  37.6°. 

The  results  of  these  researches  may  be  summed  up  shortly  as 
follows:  The  antipyretics  reduce  the  temperature  in  fever  through 
alterations  effected  in  the  heat-regulating  nervous  mechanism,  which 
result  in  lowering  the  point  at  which  the  temperature  is  maintained. 
As  a  consequKioe  of  this  action,  a  great  increase  in  the  dissipation  of 
heat  must  occur  in  order  to  free  the  body  from  the  warmth  which  it 
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has  accumalated,  and  this  increased  output  is  attained  by  dilatation 
of  the  cutaneona  vesBels.  The  seat  of  action  of  the  antipyretics  ia 
probably  eituated  in  the  base  of  the  cerebrum. 

The  precise  nature  of  the  changes  wrought  by  the  antipyretica  in 
the  coordinating  mechanism  is  unknown.  Gottlieb  and  Hamack 
suggest  that  it  is  depressed  by  them  and  this  would  accord  with  the 
widely  held  idea  that  fever  temperature  is  due  to  aome  form  of  brain 
irritation ;  but  their  reasoning  is  open  to  objection,  and  speculation 
seems  useless  until  more  is  learned  regarding  the  normal  function  of 
this  organ. 

When  the  temperature  is  depressed  too  rapidly  by  these  remedies, 
a  condition  of  collapse  is  often  produced,  while  in  other  cases  the 
loss  of  heat  caused  by  the  dilatation  of  the  skin  vessels  seems  to  be 
excessive,  and  shivering  and  rigor  follow  in  order  to  increase  the 
production. 

When  tho  temperature  has  reached  the  new  point  fixed  by  the  coor- 
dination under  the  influence  of  the  antipyretics,  the  heat  dissipation 
rapidly  diminishes  and  may  become  less  than  normal,  because  the 
new  temperature  is  maintained  at  a  constant  point  by  the  same  mech- 
anism as  the  normal. 

The  antipyretics  are  rapidly  absorbed,  and  as  rapidly  Excreted  by 
the  kidneys,  so  that  they  disappear  from  the  body  within  24—30 
hours  after  their  administration. 

The  fate  of  antipyrme  seems  to  differ  in  different  animals.  In  the  dog  it 
is  found  to  be  partially  oxidized  to  oxyantipyrine  which  is  excreted  in  the 
urine  in  combination  with  glycoronic  and  Bulphoric  aoida.  In  others  it  i» 
said  to  be  excreted  in  the  nrine  unchanged.  Antifebrine  nndergoes  a  partial 
oxidation,  the  final  product  differing  in  diffenoit  animals,  bnt  none  of  the 
original  bod;  appears  in  the  urine  except  after  very  large  doses.  In  man  it 
appears  as  acetylparamidophenol  fC^,<^TT  ■^'  )  and  as  paramido- 
phenol  or  another  of  its  compounds,  both  being  in  combination  with  sulphuric 
and  glyouTiHiio  acids.  In  the  rabbit's  urine  paramidopbenol  alone  is  found, 
while  in  the  d<^  this  is  accompanied  by  oxyoarbanil  (C^,<  j?>CO);  in 
each  case  it  fonns  a  double  sulphate  or  gIycnronat«.  The  fate  of  the  other 
antipyretics  resembles  that  of  antifebrine,  the  quinoline  derivatives  under- 
going a  partial  oxidation  resulting  in  a  body  analogous  to  paramidopbenol, 
while  the  phenetidine  compounds  are  partially  decomposed  and  appear  in  the 
urine  as  glycuronates  of  phenetidine.  The  combinations  containing  salicylic 
acid  break  up  in  the  body,  and  the  acid  appears  in  the  urine  as  salicylnric 
add,  while  the  rest  of  the  molecule  undergoes  the  usual  partial  oxidatioD. 

The  presence  in  the  urine  of  these  bodies,  or  rather  of  further 
products  of  their  oxidation,  gives  it  a  dark  reddish-brown  color,  which 
may  be  observed  when  it  is  passed,  or  more  frequently  after  it  has 
been  exposed  to  the  air  for  some  time. 

*  Phepakatiosb. 

^   ACETAsmwmi  (TT.  S.  P.,  B.  P.),  acetanilide  or  antifebrine. 

Acetanilide  is  a  colorless,  CFystalline  body  insoluble  in  water,  soluble  in 
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alcohol,  ether  and  chlorofomi.  It  has  no  odor  when  pore,  bat  has  a  slight 
bnmiiig  taste.  It  may  be  prescribed  in  powder,  snspended  in  macilage,  <^ 
in  caehets  or  lozenges.    Dose  0.06-0.3  0.  (1-5  grs.). 

Pvivis  Acetmtilidi  Compositua  (U.  S.  P.)  contains  7  parts  of  antifebrine, 
1  of  caffeine,  and  2  of  aodium  bicarbonate.     Dose,  0.5  O.  (7}  grs.). 

AHTiPTBUfA  (U,  S,  P.),  Phehazonuk  (B.  P.)  pbenazone,  or  Aktipybihs, 
forms  colorless  inodoroos  crystals,  with  a  bitter  taste,  very  soluble  in  water, 
alcohol  and  chloroform.    0.3-0.6  Q.  (5-10  grs.). 

PHmjAcanNDM  (B.  P.),  ACETPHENEnDnrou  (TJ.  S.  P.),  colorless,  taste- 
less crystals,  insoluble  in  water,  0.3-1  0.  (^-IS  grs.)i  in  th«  same  forms  as 
acetanilide. 
HonoffidaL 

ThaUine  is  generally  seen  as  thalline  sulphate,  a  colorless  crystalline  sub- 
stance, of  a  weak  aromatic  odor  and  slightly  bitter  taste,  soluble  in  7  parts 
of  water.    0.2-0.5  G.  (3-8  grs.). 

Exaigine  resembles  acetanilide  except  in  its  greater  solability  in  water,  and 
may  be  given  in  the  same  quantity. 

Malakine,  Lactophemne,  Thermodine,  Neurodine,  Saliphen  and  Salophe» 
all  resemble  each  other  in  being  insoluble  in  water,  colorless  and  crystalline, 
and  are  prescribed  in  the  same  way  as  acetanilide  and  in  doses  of  0.5-1  0. 

PhenocoU  is  generally  used  as  the  hydrochlorate,  which  is  fairly  soluble  in 
water,  while  SalocoU  is  insoluble.     0.5-1  O.  (8-15  grs.). 

Maiakine,  Saliphen,  SalocoU  and  Salophen  all  break  np  in  the  body,  freeing 
salicylic  acid,  so  that,  in  addition  to  the  antipyretic  action,  the  characteristic 
effects  of  this  acid  may  be  elicited  by  them. 

The  antipyretics  are  almost  invariably  given  by  the  mouth.  Antlpyrine 
has  been  injected  hypodermically,  but  this  is  somewhat  painful,  because  much 
lai^er  qnantities  have  to  be  used  than  are  generally  given  by  this  method, 
and  the  solutions  have,  therefore,  to  be  more  concentrated  (30^  per  cent.). 

Therapeutic  Van. — The  antipjreticB  are  used  cMeSy  to  B«dace  the 
Terei  Temperature.  The  most  satisfactory  results  are  obtained  from 
those  which  act  somewhat  slowly,  but  which  preserve  a  low  tempera- 
ture for  some  time,  and  antipyretics  and  the  phenetidine  compounds 
are  thus  preferable  to  the  earlier  remedies,  which  produce  a  more 
abrupt  fall,  after  which  the  temperature  soon  regains  its  former 
height.  The  best  effects  are  obtained  when  the  antipyretic  is  given 
at  the  commencement  of  a  natural  remission,  the  temperature  often 
falling  2-4  degrees  in  the  course  of  the  next  2-3  hours,  and  only 
rising  slowly  afterwards.  In  some  fevers  the  antipyretics  have  much 
less  tendency  to  lower  the  temperature  than  in  others.  Thus  in 
septiceemia  larger  doses  are  required  than  in  typhoid  and  not  infre- 
quently no  satisfactory  reduction  of  the  temperature  follows  the 
administration  of  the  maximal  quantity.  Pneumonia  is  also  said  by 
some  writers  not  to  be  affected  so  easily  as  some  other  febrile  condi- 
tions in  which  the  heat-regulating  centre  appears  to  be  in  a  less  stable 
condition,  as  is  manifested  by  the  occurrence  of  large  spontaneous 
variations  of  temperature.  The  reduction  of  the  temperature  by  the 
antipyretics  lasts  only  as  long  as  the  drug  is  present  in  sufScient 
quantity  in  the  body,  and  accordingly  as  soon  as  sufficient  has  been 
excreted,  the  intoxication  of  the  regulating  mechanism  begins  ag^in, 
and  the  temperature  soon  rises  to  its  former  height.  The  antipy- 
rptJca  do  not  act  on  the  cause  of  the  disease,  but  only  remove  one  o* 
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the  STinptoins,  but  this  in  itself  is  not  an  argument  against  their  use, 
as  is  apparently  believed  by  some  writers,  because  as  long  as  the 
physician  is  unable  to  treat  the  cause  directly,  he  is  justified  in  taking 
such  measures  as  are  possible  to  remove  the  symptoms,  rath^  than 
in  adopting  an  expectant  treatment,  pure  and  simple.  The  extensive 
use  of  these  remedies  shovs  very  clearly  that  the  high  temperature  is 
merely  a  symptom  of  disease,  and  not  the  disease  itself,  and  the  ques- 
tion has  been  much  debated  whether  the  reduction  of  fever  is  in 
any  way  beneficial.  No  one  questions  that  some  antipyretic  measures 
should  be  taken  when  the  temperature  rises  so  high  as  to  form  a  danger 
in  itself,  but  their  use  in  ordinary  fever  cases  is  more  doubtful,  and 
many  physicians  deprecate  it  unless  in  exceptional  conditions.  The 
very  large  doses  formerly  used  undoubtedly  induced  dangerous 
symptoms  occasionally,  but  there  is  little  risk  of  this  occurring  from 
the  intelligent  use  of  the  less  violent  members  of  the  series.  It  has 
recently  been  shown  by  Schutze  and  Beniasch  that  the  use  of  the  anti- 
pyretics does  not  retard  the  formation  of  the  protective  substances 
(antitoxins)  to  which  the  recovery  from  fever  is  attributed,  for  in 
infected  animals  treated  with  enormous  quantities  of  antipyrine  the 
serum  displayed  the  same  agglutinating  properties  towards  the  bacilli 
as  that  of  controls  which  were  not  subjected  to  any  medication.  A 
more  serious  argument  against  their  use  in  fever  is  that  the  course 
of  the  disease  is  less  readily  followed,  because  one  of  the  guiding 
symptoms — the  temperature  variations  —  is  no  longer  dependent 
solely- upon  the  severity  of  the  intoxication  with  the  fever  poisons, 
and  both  diagnosis  and  prognosis  are  thus  rendered  more  difficult. 
For  example,  in  typhoid  fever  a  sudden  fall  of  temperature  often 
gives  the  first  indication  of  such  a  complication  as  hsemorrhage, 
but  if  an  antipyretic  has  been  given  beforehand,  this  indication  may 
be  entirely  absent.  On  the  other  hand,  it  is  urged  in  favor  of  the 
antipyretic  treatment  that  the  patient  feels  more  comfortable  and 
easier  when  the  temperature  is  reduced,  and  that  this  alone  may 
favorably  influence  the  course  of  the  disease.  Besides,  the  high  tem- 
perature in  itself  increases  the  tissue  waste  and  causes  larger  draughts 
on  the  resources  of  the  patient  than  would  be  made  with  the  same 
amount  of  poison  in  the  tissues  at  a  lower  temperature;  and  although 
the  influence  of  the  high  temperature  on  the  metabolism  was  undoubt- 
edly exaggerated  at  one  time,  this  consideration  is  by  no  means  devoid 
of  weight.  The  theory  that  fever  is  a  defensive  measure  taken  by  the 
organism  against  the  causes  of  disease  and  ought  not  to  be  interfered 
with  therefore,  is  now  seldom  mentioned.  The  antipyretic  treatment 
of  fever  is  of  value,  then,  in  cases  where  the  temperature  is  so  high 
as  to  endanger  life,  in  cases  in  which  the  rise  of  temperature  is  the 
chief  cause  of  distress  and  no  complications  are  to  be  apprehended, 
and,  in  general,  in  cases  in  which  the  increased  comfort  of  the  patient 
is  not  counterbalanced  by  their  obscuring  the  diagnosis  and  prognosis. 
On  the  other  band,  there  is  no  reason  to  suppose  that  it  lessens  the 
mortality  or  shortens  the  course  of  most  fevers,  or  that  it  prevents 
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complicatioDB  of  any  kind  except  excessively  high  temperature,  and 
the  routine  treatment  of  fever  with  antipyretics  is  to  be  deprecated. 

The  chief  rival  of  the  antipyretics  in  the  treatment  of  fever  in  the 
present  day  is  the  so-called  cold-hath  treatment,  in  which  the  fever 
patient  is  bathed  frequently  in  water  the  temperature  of  which  varies 
from  70-90°  F.  in  different  hospitals.  The  temperature  generally 
falls  to  a  considerable  extent  under  this  treatment,  and  very  often  a 
general  improvement  in  the  symptoms  occurs.  The  effect  on  the  tem- 
perature is  mainly  due  to  the  abstraction  of  heat  from  the  body,  and 
thus  far  corresponds  to  that  of  the  antipyretics.  In  the  cold-bath 
treatment,  however,  the  loss  of  heat  ia  not  immediately  due  to  the 
dilatation  of  the  skin  vessels,  for  baths  at  70°  F,  have  rather  the 
effect  of  constricting  the  vessels  primarily,  whatever  may  be  the  suh- 
sequent  effect.  The  heat  output  increases  here  from  the  change  in 
the  external  medium,  and  not  from  any  alteration  in  the  skin  itself. 
The  fall  of  temperature  is  generally  not  so  great  as  under  the  anti- 
pyretics, and  the  regulation  ia  not  directly  affected,  for  the  patient 
shivers  and  becomes  cyanotic  long  before  the  normal  temperature  . 
is  reached.  The  therapeutic  virtue  of  the  cold  bath  was  formerly 
believed  to  lie  exclusively  in  the  abstraction  of  heat  and  the  fall  of 
temperature,  but  many  advocates  of  the  treatment  now  hold  that  this 
is  of  less  importance  tiian  the  effects  on  the  circulation  and  the  brain, 
which  are  elicited  reflexly  by  the  cold  water  applied  to  the  skin,  and 
which  are  not  now  believed  to  be  due  to  the  fall  in  temperature. 
Whether  this  view  is  correct  or  not,  the  whole  nature  of  the  fall  in 
temperature  is  different  from  that  produced  by  the  antipyretics,  and 
the  metabolism,  instead  of  becoming  less  active  as  it  does  under  the 
latter,  rather  tends  to  increase  under  the  cold  baths,  at  least  as  far  as 
the  tissue  change  can  be  measured  by  the  nitrogen  excreted.  The 
relative  therapeutic  value  of  the  two  methods  of  treating  fevers  can 
only  be  determined  by  clinical  experiment,  and  the  present  attitude 
of  the  clinicians,  which  tends  to  favor  the  cold-bath  treatment,  may 
be  reversed  in  course  of  time.  However  the  matter  may  stand  in 
hospital  practice,  in  which  trained  assistance  is  available,  the  anti- 
pyretics have  a  great  advantage  in  many  cases  in  which  treatment  has 
to  be  carried  out  without  any  such  facilities,  for  the  administration 
of  these  drugs  may,  of  course,  be  entrusted  to  ordinary  persons, 
whereas  the  cold  hath  can  be  given  only  by  the  physician  himself  or 
by  trained  attendants.  Particularly  in  the  milder  fevers,  where  no 
complicated  measures,  such  as  the  cold  bath,  are  considered  necessary, 
the  antipyretics  give  relief  to  the  patient  by  removing  the  feeling  of 
heat  and  discomfort. 

Other  antipyretic  drugs  are  quinine,  aconite,  digitalis  and  alcohol, 
but  none  of  these  produce  an  equal  fall  of  temperature  unless  with  the 
presence  of  alarming  and  dangerous  symptoms.  Aconite  and  digitalis 
are  generally  supposed  to  reduce  the  temperature  through  their  effects 
on  the  circulation,  although  it  is  not  impossible  that  they  may  also 
affect  the  centres  for  heat  r^ulation.     Quinine  acts  probably  thronj^ 
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reduciiig  tlie  metabolism,  and  alcohol  hj  dilating  the  skin  capillariea, 
and  perhaps  by  leBsening  the  movementB  and  thereby  the  foimation 
of  heat.  All  of  these  drugs  are  used  very  much  leas  as  antipyretics 
noW  than  formerly,  as,  besides  their  undesirable  secondary  effects,  the 
fall  of  temperature  is  less  certain  and  lesa  profound  than  under  the 
modem  antipyretics, 

The  antipyretics  are  also  used  very  largely  to  relieve  Nenralglc  Pain 
and  Hoadaclie,  often  with  complete  success.  The  analgesic  action  of 
these  bodies  is  apparently  quite  different  from  that  of  morphine,  for 
in  many  instances  in  -which  the  latter  is  successful  th^  fail  to  alle- 
viate the  condition.  On  the  other  hand  antipyrine  and  its  allies  can 
often  be  used  where  morphine  is  contra-indicated,  either  from  the 
danger  of  the  habit  being  formed,  or  from  the  somnolence  it  induces. 
The  antipyretics  appear  to  he  of  little  or  no  value  in  relieving  the 
pain  caused  by  acute  inflammatory  conditions,  while  on  the  other 
hand  they  are  almost  specific  in  some  neuralgic  cases.  Almost  all  of 
the  antipyretics  arc  efBcient  in  these  cases,  but  larger  doeee  are  gener- 
ally required  than  to  reduce  fever,  and  the  more  powerful,  such  as 
antifebrine,  are  often  preferred  to  the  safer  and  mOre  slowly  acting 
phenetidines.  Caffeine  is  often  prescribed  along  with  the  antipy- 
reti!:,  as  in  the  compound  acetanilide  powder. 

Several  of  the  antipyretics  have  been  used  as  Snbatitntefl  for  Qnlsins 
in  the  treatment  of  malaria,  but  none  of  them  seem  to  have  the  specific 
action  of  the  latter  on  the  organism  of  malaria,  and,  although  they 
may  reduce  the  temperature,  they  do  not  prevent  the  other  symptoms 
and  do  not  remove  the  cause  of  the  disease.  In  the  same  way  they 
do  not  seem  to  equal  salicylic  acid  in  efficiency  in  acute  rheumatism, 
although  here  again  they  reduce  the  temperature.  This  does  not 
apply,  of  course,  to  those  of  the  antipyretics,  such  as  malakine,  which 
from  salicylic  acid  in  their  decomposition  in  the  body.  It  is  to  he 
noted  that  the  amount  of  aalicylic  acid  thus  formed  from  the  ordinary 
dose  of  the  antipyretics,  is  considerably  smaller  than  would  be  given 
if  the  acid  itself  were  prescribed. 

The  antipyretics  are  used  to  a  considerable  extent  in  cases  of  dia- 
betes insipidus  and  mellitus  and  appear  to  relieve  the  discomfort  and 
in  some  cases  to  improve  the  general  condition.  In  whooping  cough 
antipyrine  often  lessens  the  severity  of  the  attacks  and  also  renders 
them  less  frequent,  and  is  said  to  shorten  the  course  of  the  disease. 

The  nee  of  aatipyrine  and  other  members  of  thia  series  as  Bedativee  in 
hyporaetivity  of  the  motor  functions  of  the  brain,  such  as  epilepsy  and 
chorea,  has  not  been  attended  with  great  success,  although  temporary  improve- 
ment has  occasionally  been  noted,  as  after  so  many  other  remedies. 

Antipyrine  and  several  others  of  thia  aeries  have  been  advocated  as  local 
sedatives  or  anssthetics,  and  have  been  used  occasionally  to  lessen  the  irrita- 
bility of  the  throat  and  larynx  and  thus  to  permit  of  the  minor  manipalatioas 
of  laryngolog;.  Holocaine,  a  body  closely  related  to  phenacetine,  has  been 
employed  to  a  limited  extent  as  a  local  annsthetic  in  ophthalmology,  but 
appears  to  be  more  poiaonous  than  other  equally  efficacious  drugs,  such  as 


Thalline  has  been  advised  as  a  urethral  injeetion  in  gonorrhoBB. 
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The  occurrence  of  collapse  and  other  eyioptoms  has  led  to  a  consid- 
erable amount  of  distrust  of  the  antipyretics  among  many  of  the  med- 
ical profession.  In  juetice  it  has  to  be  remembered  that  in  many 
cases  these  symptoms  were  produced  only  by  very  large  doses,  and 
that  since  experience  has  shown  that  beneficial  results  may  be  obtained 
bj  smaller  quantities,  these  cases  have  notably  diminished  in  medical 
practice.  Unfortunately,  this  distrust  is  not  entertained  by  a  large 
class  of  the  laity,  and  numerous  cases  of  poisoning  arise  from  the 
impression  that  the  antipyretics  are  not  dangerous  drugs.  For  the 
most  part,  poisoning  seems  to  be  due  to  a  peculiar  sensitiveness  or 
idiosyncrasy,  which  cannot  be  foreseen,  but  in  cases  of  great  exhaus- 
tion and  asthenia,  especially  when  accompanied  with  ansemia,  these 
drugs  have  to  be  used  with  great  care  or  avoided  entirely. 
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yrrr     ANTISEFTIOS    OF    THE    ABOUATIO    SEBIES    (GABBOIJO 
Am)    SAIJOTIJO    ACID    SERIES). 

Various  balsams  and  wood-tar  and  some  of  its  derivativeB  have  long 
enjoyed  a  certain  reputation  in  surgery,  but  the  true  value  of  the 
bodies  of  the  aromatic  series  has  only  been  realized  since  the  sys- 
tematic treatment  of  wounds  with  antiseptics  was  introduced  by  Lister 
some  forty  years  ago.  The  first  antiseptic  proposed  by  him  was 
carbolic  acid,  and  this  held  its  position  for  several  years,  when  it  was 
discovered  that  bodies  of  similar  origin,  and  others  of  entirely  differ- 
ent composition  possessed  equally  great  advantages  as  antiseptics  with 
less  liability  to  induce  poisoning.  Of  late  years  a  very  large  number 
of  antiseptics  belonging  to  the  aromatic  chemical  series  have  been 
introduced,  and  have  been  discarded,  often,  it  would  appear,  without 
sufficient  examination.  It  is  not  within  the  scope  of  such  a  work  as 
this  to  examine  all  of  these,  especially  as  the  effects  of  many  of  them 
differ  only  in  detail,  but  the  chief  active  principles  will  be  mentioned. 

The  great  mass  of  the  aromatic  antiseptics  are  obtained  from  coal- 
er wood'tar  by  more  or  less  complicated  reactions  and  are  often  known 
as  the  coal-tar  or  tar  antiseptics. 

The  hydrocarbons  heneente  or  bengal,  toUtol,  xylol  axe  too  volatile  for  use 
as  antiseptics,  and  the  only  hydrocarbon  used  for  this  purpose  is  Haphtalin 

Among  the  hydroxyl  compoimds  of  benzol,  OarboUc  Acid  or  pfaenol 
{C^.OH)  is  the  best  known.  The  dioxybenzols  (C.H,(OH),),  three  in  nnm- 
ber,  hydroquinone,  pyrocatecMn  and  resorcin,  have  also  been  used  in  medicine, 
and  resorcin  was  at  one  time  a  popular  antiseptie,  although  it  has  latterly 
fallen  into  disuse. 

Among  the  trioxybenzols,  Frrogallol  (C,H,(OH),)  alone  has  been  used 
extensively  as  an  antiseptic  in  skin  diseases,  and  is  still  considered  of  value 
in  certain  conditions. 

Hydroxyl  derivatives  of  other  hydrocarbon  e  are  the  two  Naphtols,  g-  and 
ff-,  (C„H,OH),  sometimes  used  as  intestinal  disinfectants.  Thymol  (CrH,(CH,) 
(C,H,)OH),  obtained  from  thyme,  was  introduced  as  a  substitute  for  carbolic 
acid,  but  has  fallen  into  disuse.  More  recently  the  cresols,  C^.(OH}(CH,), 
of  which  three  are  known,  have  attained  acme  prominence  as  antiseptics. 

The  phenol  ethers,  antaol  and  phenetol  (C.H.OCH,  and  C^.OC^)  have 
never  been  introduced  into  therapeutic  ose,  but  fmnacol  (C,H,(OH]  (OCH,)), 
the  methyl  ether  of  pyrocatechin,  has  had  some  ase  of  late  years  as  an  anti- 
septic and  antipyretic.  A  combination  of  guaiocol  and  carbonic  acid  known 
aa  guaiacol  carbonate  (CO(OC,H,OCH,),)  has  also  been  need.  Other  dioxy- 
derivatives  are  the  ereosola  (C,H,(CH,)  (OH)  (OCH,)),  which  are  important 
constituents  of  wood-tar  and  of  creosote. 

The  substitution  of  chlorine  for  hydrogen  in  the  benzol  ring  seems  to  increase 
its  audseptic  power,  and  monochlorphenol  (C,H,C10H)  and  triehlorphenot 
(C^,C1,0H)  have  been  suggested  as  antiseptics.  A  similar  intensified  action 
is  obtained  by  the  substitution  of  chlorine  in  the  members  of  the  methane 
narcotics. 

The  presence  of  the  carboxyl  group  ( — COOH)  lessens  the  poisonous 
action  of  the  aromatic  series  exactly  as  in  the  case  of  the  methaiie  series. 
Several  acids  have  been  suggested  as  internal  antiseptics,  therefore,  and  one 
of  them,  Salicylic  add  (C,H,OHCOOH),  is  perhaps  the  most  important  of  all 
the  benzol  compounds  at  the  present  time.    Beniolc  add  (C^,COOH)  is  an 
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equally  powerful  antiseptic,  bat  is  comparatively  Eeldom  used  as  anch.  It  ii 
the  chief  eonstitneiit  of  several  of  the  "  balBams,"  in  which  it  ia  often  accom- 
panied by  emnamic  add  {C3.CH=CHC00H). 

Salicylic  acid  ie  the  only  one  of  three  ifiomeric  acids  that  has  been  found  of 
value.  It  is  used  either  as  the  pure  acid  or  more  frequently  aa  the  Salicylate 
of  Sodium,  or  in  the  form  of  an  ester.  One  of  tb^,  methyUalicylate,  has 
long  been  known  as  the  oil  of  wintergreen  and  as  atoeet  oil  of  birch.  Another 
well-known  ester  is  the  phenyl  salicylate  or  Salol,  (C^.OHCOOC^),  while 
otben  of  less  widespread  reputation  are  cresalol  (salicylate  of  cresol),  betol 
(salicylate  of  ^-naphthol),  Bolithymol  (salicylate  of  thymol).  Several  other 
salicylic  compounds  are  used  as  antipyretics  as  well  as  for  their  action  as 
salicylates  and  are  mentioned  among  liie  antipyrine  series.  (Page  425.)  The 
most  recent  substitute  for  salicylic  acid  is  aspirin  or  acetylsalicylie  acid 
(C^.OC^OCOOH). 

Another  acid  which  has  been  used  as  a  substitute  for  salicylic  axai  is 
ereaotinie  add  (C;H,(CH.)  (OH)  (COOH)),  and  the  oxynapktoic  adda 
(CuH,{OH){COOH))  have  been  suggested  as  antiseptics. 

Instead  of  carboxyl,  the  snlphon  radicle  has  been  attached  to  phenol  in 
order  to  lessen  its  toxicity,  and  in  this  way  the  so-called  sulphocarbolateB 
were  formed.  They  must  be  distinguished  from  the  ether-sulphuric  acids 
or  double  sulphates  in  which  the  — HSO,  is  attached  to  the  carbon  of  the 
ring  by  oxygen,  while  in  the  snlphocarfoolates  the  connection  between  the 
sulphur  and  the  carbon  is  direct.  (Snlpbocaibolate  of  sodium,  C^,<  Vq  ^  , 
sodium-phenol  double  sulphate,  CAOSO.Na.) 

When  two  hydrogen  atoms  of  the  benzol  molecule  are  substituted  by  other 
elements  or  radicles,  three  different  chemical  products  may  result,  and  these 
are  known  as  ortho-,  meta-  or  para-compounds,  according  to  the  relation  the 
two  substituted  atoms  bear  to  each  other.  These  three  isomeric  forma  very 
often  differ  in  toxicity  and  also  in  their  antiseptic  power,  but  no  general  state- 
ment can  be  made  as  to  their  relative  position,  for  the  ortho-compound  is 
sometimes  the  most  powerful  antiseptic,  as  in  salicylic  acid ;  in  others  the  meta- 
compound,  as  in  metacresol,  while  parachlorphenol  is  more  strongly  antiseptic 
than  either  ortho-  or  met  achlor phenol. 

Many  crude  preparations  of  these  bodies  are  still  in  use  and  have  the 
advantage  of  cheapness  over  the  pure  principles,  and  are  therefore  preferred 
where  disinfection  lias  to  be  carried  out  on  a  large  scale. 

Wood-tar  varies  in  its  composition  with  the  wood  from  which  it  is  obtained. 
The  most  important  constituents  are  generally  guaiacols  and  creosols  and  their 
bomologues,  while  carbolic  acid  and  the  cresols  are  less  largely  represented. 
Along  with  other  only  partially  known  substances,  some  hydrocarbons  and 
acids  such  as  acetic  acid,  also  occur. 

Oreosota  is  obtained  from  beech  tar  and  consists  cbiefiy  of  gnaiacol  and 
creosols  with  very  little  carbolic  acid  or  cresol,  which  latter  have  a  lower  boiling 
point  and  are  removed  in  the  course  of  preparation. 

The  volatile  or  ethereal  oUs  have  also  antiseptic  properties,  and,  in  fact,  no 
line  of  demarcation  can  be  drawn  between  the  volatile  oil  series  and  the 
antiseptics  proper,  for  many  bodies  occur  in  both  groups,  and  the  great 
majority  of  the  constituents  of  the  volatile  oil  series  belongs  to  the  benzol 
compounds.  The  earliest  antiseptics  known  were  those  occurring  in  plants, 
as  is  shown  by  the  use  of  various  herbs  in  embalming  in  Egypt.  In  later 
times  several  of  the  balsams,  which  contain  benzoic  and  cinnamic  acids  dis- 
solved in  volatile  oils,  were  credited  with  beneficial  effects  in  the  treatment 
of  wounds. 

AcUoo. — The  Bimpler  bodies  of  the  aromatic  series  produce  eymp- 
toms  in  the  living  orgaaism  which  present  great  eimilarit;  in  their 
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general  features,  altbougli  they  differ  in  details.  As  a  general  rule 
it  is  found  that  the  simpler  members  of  the  series  are  much  more  poi- 
sonous to  the  higher  animals  than  the  more  complex  ones,  while  the 
latter  are  equally  or  more  ^cient  as  poisons  in  the  lowest  living 
forms.  They  are  all  possessed  of  a  more  or  leas  marked  action  on  the 
caatral  nervous  system,  which  is  thrown  into  a  condition  of  abnormal 
irritability,  manifested  in  increased  reflexes,  tremor  and  convulsions. 
Later,  a  stage  of  prostration  and  collapse  is  developed,  which  may 
simulate  that  induced  by  chloral  and  its  allies,  but  does  not  seem  to 
be  identical  with  it,  for  though  in  man  the  consciousness  is  often  lost 
in  this  stage,  the  collapse  in  animals  is  in  many  cases  .not  accompanied 
by  loss  of  sensation  or  of  the  voluntary  movements.  The  symptoms 
are  generally  those  of  great  muscular  weakness  and  indicate  depres- 
sion of  the  vital  centres  of  the  medulla  oblongata  and  of  the  heart 
rather  than  complete  loss  of  the  cerebral  functions.  They  resemble 
surgical  shock  more  than  the  amesthesia  following  the  use  of  chloro- 
form and  ether,  and  are  probably  of  a  different  nature  from  the  latter. 

Many  of  the  members  of  the  benzol  series  tend  to  destroy  the  red 
cells  of  the  blood  and  to  form  methaemoglobin ;  this  effect  is  especially 
developed  in  the  case  of  pyrogallol  and  will  be  described  under  it  in 
detail.  Most  of  these  antiseptics  reduce  the  temperature  in  fever, 
while  they  have  little  effect  on  that  of  the  normal  body  unless  when 
given  in  large  enough  quantities  to  produce  collapse.  The  cause  of 
the  fall  of  temperature  in  fever  under  the  action  of  these  drugs  is  not 
satisfactorily  explained,  although  it  seems  probable  that  the  process  is 
the  same  as  in  the  antipyrine  series,  with  which  they  are  nearly  allied. 

The  aromatic  poisons  differ  from  the  typical  members  of  the  me- 
thane series  in  their  effects  on  protoplasm  in  general.  Alcohol  and 
ether  destroy  life  in  all  forms  of  protoplasm  when  they  are  brought  in 
contact  with  it  in  sufficient  concentration,  bnt  the  phenols  and  acids 
of  the  aromatic  series  do  so  in  more  dilute  solutions,  and  in  fact  owe 
their  importance  in  medicine  to  their  activity  as  general  protoplasm 
poisons. 

Small  quantities  of  the  aromatic  bodies  seem  to  increase  the  activity  of 
living  matter,  at  any  rate  under  some  conditions,  for  the  alcoholic  fermenta- 
*tion  is  said  to  be  accelerated  by  the  presence  of  minute  proportions  of  these 
poisons,  and  in  the  higher  animals  soma  of  them  increase  the  nitrogenoos 
metabolism,  while  larger  doses  destroy  the  yeasts  and  also  the  tissnes  of  the 
body.  The  symptoms  of  central  nervous  irritation  might  also  be  cited  in 
support  of  the  view  that  the  membeTs  of  the  aromatic  series  first  accelerate 
and  then  retard  protoplasmic  activity,  but  the  evidence  is  too  limited  as  yet 
to  admit  of  such  a  generalization. 

Therapeutic  TTsea. — The  members  of  the  aromatic  series  are  used  in 
therapeutics  chiefly  as  disinfectants  and  antiseptics,  that  is,  to  destroy 
or  retard  the  growth  of  pathogenic  and  putrefactive  microorganisms 
and  yeasts.  Their  introduction  by  Lister  to  prevent  the  infection  of 
wounded  surfaces  in  surgery  was  followed  by  a  revolution  in  surgical 
methods,  which  can  only  be  paralleled  by  that  which  followed  the 
introduction  of  ansesthetics  some  twenty  years  earlier. 
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The  BuccesafQl  treatment  of  local  infectioiu  by  means  of  antiseptics 
encouraged  the  hope  that  general  septic  diseases  might  be  as  favorably 
influenced  by  them,  bnt  the  two  conditions  are  obviously  entirely  dif- 
ferent, for  in  the  ease  of  a  local  infection  the  remedy  may  be  applied 
at  the  diseased  point,  and,  although  it  may  destroy  the  life  of  the 
superficial  cells  in  the  neighborhood,  this  is  not  of  vital  importance. 
On  the  other  hand,  a  disinfectant,  acting  throughout  the  tissues  of  the 
body  in  sufficient  quantity  to  destroy  the  microbes  of  infection,  must 
have  an  equally  unfavorable  effect  on  the  cells  of  the  host,  unJess  it 
has  a  specific  action  on  the  parasite,  and  this  is  very  exceptional. 

A  disinfectant  in  the  strict  use  of  the  term  is  a  substance  used  to 
destroy  microbes,  while  an  antiseptic,  while  not  actually  Hlling  the 
germs,  prevents  their  growth  as  long  as  it  remains  in  contact  with 
them.  A  disinfectant  is  accordingly  only  intended  to  act  for  a  short 
time,  for  if  the  infected  matter  be  once  rendered  sterile  it  can  only 
become  dangerous  by  being  again  contaminated.  For  example,  a 
room  requires  only  to  be  disinfected  after  a  case  of  infectious  disease. 
A  wound,  on  the  other  hand,  even  though  completely  disinfected  may 
become  contaminated  again  very  easily  and  an  antiseptic  may  be 
required  to  prevent  the  further  growth  of  microbes.  Many  sub- 
stances are  disinfectant  in  large  quantities  and  antiseptic  in  more 
dilute  solutions,  but  others  are  too  weak  to  disinfect  thoroughly  though 
they  retard  the  growth  of  pathogenic  organisms,  and  still  others  may 
be  employed  to  disinfect  but  are  unsuitable  for  use  as  antiseptics, 
either  because  they  are  too  poisonous  to  be  applied  for  a  sufficieut 
time,  or  because  they  lose  their  effects  on  the  microbes  (peroxide  of 
hydrogen  group). 

The  uses  of  the  antiseptics  and  disinfectants  may  be  stated  as 
follows : 

1.  To  Disinfect  Eooms,  Fnmitnre,  Clothes,  etc. — For  these  purposes 
the  strongest  and  cheapest  drugs  which  do  not  actually  injure  the 
objects  may  be  employed.  None  of  the  aromatic  series  is  very  trust- 
worthy here,  although  carbolic  solution  has  been  employed;  the 
gaseous  disinfectants,  formaldehyde  and  sulphurous  acid,  are  much 
more  efficient.  For  the  disinfection  of  the  excrementa,  crude  carbolic 
acid  and  tar  have  been  advocated. 

2.  To  Prevent  the  Infection  of  Wonnds  in  surgery.  This  was  first 
attained  by  Lister's  carbolic  acid  dressing  and  operative  procedure, 
but  many  other  antiseptics  have  since  been  substituted  for  carbolic 
acid,  and  the  use  of  antiseptics  during  operations  on  uninfected  organs 
has  given  way  to  the  aseptic  method.  For  use  during  operations  on 
infected  wounds,  the  disinfectant  must  be  soluble  or  miscible  in  water, 
and  ought  to  produce  as  little  irritation  as  possible,  but  there  is  less 
likelihood  of  serious  poisoaing  or  irritation  from  the  use  of  antiseptics 
here  than  from  their  subsequent  application  to  the  wounded  surface  as 
dressings.  The  importance  of  avoiding  the  use  of  irritant  antiseptics 
in  operations  on  delicate  structures,  such  as  the  peritoneum,  has  only 
been  fully  recognized  of  late  years.     Where  a  dressing  has  to  be 
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applied  for  some  time,  and  especially  when  the  wounded  surface  is 
lai^,  ae  in  the  caae  of  bursa  or  large  abBCesses,  the  danger  of  absorp- 
tion has  to  be  taken  into  consideration  and  antiseptics  ought  therefore 
to  be  chosen  which  are  either  absorbed  slowly  or  are  not  very  poison- 
ous to  man.  The  frequent  occurrence  of  more  or  less  severe  carbolic 
intoxication  has  led  to  its  employment  being  much  more  restricted 
than  formerly,  while  the  less  soluble  or  less  poisonous  antiseptics  have 
taken  its  place. 

3.  In  the  Treatment  of  Skin  Diseases  the  danger  of  absorption  is  even 
greater  than  in  the  dressing  of  wounds,  as  the  absorbing  surface  is 
often  very  much  more  extensive,  and  in  addition  the  more  irritant 
antiseptics  are  obviously  not  admissible  here.  In  many  cases  of  suc- 
cessful treatment  with  bodies  of  the  aromatic  series,  the  remedy  seems 
to  act  not  only  as  an  antiseptic  but  also  as  a  mild  irritant  and  astrin- 
gent. Pyrogallol  is  believed  by  some  dermatologists  to  be  of  value 
only  from  its  reducing  action  depriving  the  superficial  tissues  of 
their  oxygen. 

4.  The  antiseptics  have  been  frequently  employed  for  their  Disin- 
fectant Action  on  the  Bowel,  and  as  far  as  the  putrefaction  of  the  intes- 
tinal contents  is  concerned,  with  some  success.  Too  high  value  has 
often  been  assigned  to  this  method  of  treatment,  owing  to  the  erroneous 
ideas  that  the  disintegration  of  the  food  by  microbes  could  be  esti- 
mated by  the  amount  of  double  sulphates  or  indol  in  the  urine,  and 
that  the  number  of  microbes  in  the  fseces  afforded  an  index  of  the 
intestinal  putrefaction ;  but  after  discounting  this,  there  remains  suffi- 
cient evidence  that  the  infection  of  the  intestinal  contents  can  be 
reduced  by  the  use  of  antiseptics.  It  is  now  generally  conceded,  how- 
ever, that  intestinal  putrefaction  is  more  satisfactorily  treated  by  evac- 
uation of  the  contents  by  a  purgative  such  as  one  of  the  mercurial 
preparations,  which  also  have  a  high  disinfectant  value.  When  bac- 
terial infection  of  the  wall  of  the  bowel  is  treated  with  these  anti- 
septics, the  results  are  still  less  favorable.  In  typhoid  fever,  in  which 
the  subject  has  been  most  frequently  examined,  the  number  of  the 
typhoid  bacilli  in  the  stools  has  not  been  lessened  to  any  noticeable 
extent,  and  the  use  of  these  drugs  does  not  relieve  the  symptoms  or 
shorten  the  duration  of  the  disease. 

Any  drug  used  for  the  disinfection  of  the  intestine  must  not  be 
irritant,  nor  very  poisonous.  It  must  not  be  too  soluble,  since  otheir- 
wiae  it  may  be  absorbed  from  the  upper  part  of  the  bowel,  and  on  the 
other  hand  it  must  be  soluble  to  some  extent,  or  it  cannot  mix  very 
intimately  with  the  contents  of  the  intestine.  Carbolic  acid  is  scarcely 
fitted  for  this  purpose,  for  it  irritates  the  stomach  and  is  also  rapidly 
absorbed.  Some  of  the  cresola  have  been  recommended  of  late  years, 
and  the  naphthalin  preparations  have  also  enjoyed  some  reputation. 
Salol  and  its  congeners  have  the  advantage  of  being  almost  completely 
insoluble  and  harmlese  in  the  stomach  and  of  being  dissolved  and 
rendered  active  by  the  intestinal  juices,  and  have  been  found  of  value 
in  excessive  putrefaction  of  the  contents  of  the  bowel. 
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5.  The  antiseptics  of  the  heozol  series  are  excreted  in  great  part  hj 
the  kidneys,  and  the  urine  is  thus  rendered  weakly  antiseptic  and 
irritant.  This  fact  has  been  taken  advantage  of  in  the  treatment  of 
Septic  Diseues  of  th«  Bladder  »nd  Urethra;  the  dmgs  used  for  this  pur- 
pose must  not  be  too  irritant  to  the  gastric  mucous  membranes,  and 
must  be  easily  absorbed,  and  not  dangerously  poisonous.  Here, 
again,  salol  has  been  found  of  value  as  well  as  salicylic  acid.  The 
forms  in  which  the  benzol  derivatives  are  excreted  by  the  kidney  are 
generally  much  less  irritant  and  antiseptic  than  those  in  which  they 
are  administered.  In  estimating  the  value  of  each  as  a  urinary  dis- 
infectant, it  must  also  be  remembered  that  many  of  them  are  liable  to 
undergo  oxidation  in  the  urine  itself.  (See  also  copaiba  series  and 
urotropin. ) 

Attempts  to  render  the  bile  antiseptic  by  means  of  drugs  excreted 
by  the  liver  have  not  hitherto  proved  successful,  though  some  of  the 
benzol  antiseptics,  such  as  thymol,  are  found  in  it  when  ^ven  by 
the  mouth, 

6.  Small  quantities  of  some  of  the  more  volatile  members  of  this 
series,  especially  of  the  hydrocarbons,  escape  by  the  lungs,  and  this 
has  led  to  their  use  in  Fnlmonarr  Disease,  especially  in  phthisis.  It 
may  be  stated  at  once  that  careful  observers  are  united  in  the  belief 
that  the  internal  administration  of  these  remedies  has  practically  no 
antiseptic  effect  on  the  microbes  in  the  lungs.  Some  relief  is  often 
obtained,  but,  it  ia  believed,  only  through  their  disinfectant  action 
in  the  stomach  and  bowel.  Antiseptic  remedies  have  also  been  inhaled 
in  vapor  or  epray  and  have  been  injected  into  the  trachea  and  even 
into  the  lung  directly,  but  as  far  as  the  tubercle  bacillus  is  concerned, 
they  have  had  no  result  in  the  hands  of  the  vast  majority  of  physi- 
cians. In  cases  of  gangrene  of  the  lung,  fcetid  bronchitis,  etc.,  the 
inhalations  relieve  the  patient  to  some  extent,  and  certainly  lessen  the 
offensive  odor. 

7.  The  use  of  antiseptics  to  Destroy  Patbosenic  Oemu  in  the  Tlssaes 
after  Absorption  is  very  limited.  It  is  now  recognized  to  be  hopeless 
to  attempt  to  find  a  single  body  which  will  destroy  all  forms  of  bac- 
teria in  ihe  tissues,  while  leaving  the  host  uninjured,  but  there  is  still 
reason  to  believe  that  in  the  future  specific  antiseptics  may  be  found 
for  at  least  some  of  the  constitutional  diseases.  Such  a  specific  action 
is  seen  in  the  effects  of  quinine  on  the  organism  of  malaria,  of  salicylic 
acid  in  rheumatic  fever,  of  mercury  in  Byphilis  and  of  arsenic  and 
antimony  in  various  trypanosome  infections,'  all  of  these  apparently 
acting  more  strongly  on  the  cause  of  the  disease  than  on  the  tissues 
of  the  patient.  While  it  may  be  hoped  that  the  antiseptic  treatment 
of  internal  maladies  has  not  reached  its  final  limit,  the  only  consti- 
tutional disease  in  which  the  aromatic  series  has  been  shown  to  be  of 

'It  is  to  be  remarlied  tbat  in  malaricL,  B^pbilis  and  trfpaQoaonuadi,  in  which 
■peelfles  have  been  obtained,  the  disease  ie  due  to  InvHaion  by  protozoa,  while  most 
of  the  infections  of  which  the  cause  is  known,  arise  from  bacteria,  and  these  appear 
to  be  mneh  lew  gnseeptible  to  the  action  of  chemical  agents. 
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incontestable  value  is  acute  rheumatism,  and  in  many  other  conditions 
which  were  formerly  treated  with  benzol  antiseptice  they  have  proved 
rather  injurious  than  otherwise.  It  is  futile,  tlien,  to  attempt  to  dis- 
infect the  tissues  ^^erally  with  ordinary  agents,  which  are  much  too 
poisonous.  And  it  has  recently  been  ^own  by  Bechhold  that  many 
gnbetances  which  are  powerful  disinfectants  in  ordinary  fluids  lose 
their  activity  in  protein  solutions,  owing  to  their  forming  combina- 
tioBs  with  the  proteins,  so  that  though  they  are  not  dangerous  to  the 
host,  they  are  comparatively  innocuous  to  the  microbes  in  the  tissues. 
For  example,  a  disinfectant  which  prevented  the  growth  of  diphtheria 
germs  in  broth  when  added  in  the  proportion  of  one  in  half  a  million 
had  no  action  on  the  germs  in  the  tissues  when  it  was  present  in  the 
proportion  of  one  in  five  thousand,  because  it  combined  with  the  tissue 
proteins  in  preference  to  those  of  the  bacilli. 

There  is  reason  to  believe  that  solutions  containing  several  of  the 
benzol  series  are  more  strongly  antiseptic  than  those  containing  an 
equal  percentage  of  the  individual  pure  bodies,  and  that  the  mixture 
of  such  a  body  as  carbolic  acid  with  an  antiseptic  of  another  kind, 
e.  g.,  mercuric  perchloride,  is  still  more  efficient  than  the  correspond- 
ing proportion  of  either  alone.  This  appears  to  be  due  to  a  change  in 
the  solubility  of  the  disinfectant,  at  any  rata  in  some  cases. 

If  a  poison  is  to  penetrate  into  the  interior  of  an  oi^anism  in  quan- 
tity, it  must  be  as  soluble  in  the  protoplasm  as  in  thefluid  in  which  it  is 
applied,  for  it  is  obvious  that  it  will  not  leave  a  medium  in  which  it 
is  readily  soluble  for  one  in  which  it  is  dissolved  with  difficulty. 
Accordingly,  it  is  found  that  fats  and  oils  in  which  the  members  of 
the  aromatic  series  are  very  soluble  are  not  suitable  as  media  for  their 
application,  for  the  poisons  remain  in  the  oily  menstruum  and  fail  to 
penetrate  the  microbes  in  which  they  are  less  soluble.  On  the  other 
hand,  the  addition  of  inorganic  salts  to  an  aqueous  solution  of  carbolic 
acid  often  increases  its  antiseptic  power,  because  the  poison  becomes 
less  soluble  in  the  water  and  shows  a  greater  tendency  to  escape  from 
it  into  the  interior  of  the  microbes. 

Fate  in  the  Tlsmes.- — The  fate  of  the  members  of  the  aromatic  series 
in  the  body  is  very  uniform  in  one  respect — the  benzol  ring  is  rup- 
tured only  with  great  difficulty.  In  the  great  majority  of  cases  the 
changes  which  these  substances  undergo  in  the  tissues  a€ect  only  the 
hydr(^n  or  the  side  chains  attached  to  the  carbon  atoms,  and  leave 
the  form  in  which  these  last  are  attached  to  each  other  unchanged. 
The  chief  exceptions  to  this  rule  are  pyrogallol  and  gallic  acid,  which 
seem  to  undergo  more  or  less  complete  oxidation  to  carbonic  acid  and 
water.  Some  oxidation  takes  place  in  the  aromatic  series,  however, 
tie  simpler  forms,  such  as  benzol  and  aniline,  tending  to  form 
hydroxy!  compounds,  while  those  with  a  side  chain  formed  of  methane 
derivatives  tend  to  oxidize  it  to  carbosyl.  The  oxidation  of  the  benzol 
compounds  in  the  tissues  therefore  results  in  the  formation  of  o^- 
benzols  and  aromatic  acids,  and  this  oxidation  is  probably  not  limited 
to  any  one  particular  tissue  or  organ.     These  bodies  are  not,  however, 
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excreted  in  this  form  in  ordinary  cases,  but  enter  into  secondary  com- 
binationB  in  which  they  appear  in  the  urine.  The  hydroxyl  bodies 
Quite  with  sulphuric  and  glycuronic  acids  to  form  double  sulphates 
(ether-sulphuric  acid  salts)  and  glycnronates,  while  the  aromatic 
acids  are  excreted  in  combinations  with  glycocoll,  which  are  known 
as  hippuric,  salicyluric,  etc.,  acids.  The  last  synthesis  probably 
occurs  chiefly  in  the  kidney,  while  the  double  sulphates  are  said  to 
be  formed  in  the  liver. 

A  few  examples  of  the  changes  undergone  in  the  tissues  may  elu- 
cidate the  above  statement.     Benzol  (CeHe)  is  oxidized  to  phenol 

(CflHjOH),  and  to  diojg'benzols  I'-'oH^xoh)'  ^'^^^'^  combine  in 
the  kidney  with  sulphuric  and  glycuronic  acids  to  form  phenol- 
sulphuric  (CgHjO — SOjH)  and  phenol-glycuronio  acids,  and  the  cor- 
responding dioxybenzol  compounds.  Toluol  CC,Hb — CHj)  isozidized 
to  benzoic  acid  (CaHj — COOH),  which  combines  with  the  glyeoeoU 
of  the  body  to  form  hippuric  acid  (CoHbCO— NHCHaCOOH). 

Xylol  ( CgHj  \pTT  )  i8  oxidized  only  in  one  side  chain  and  forms 

toluic  acid  (^e^iXpi-vnTT/'  ^^'"^  ^^  excreted  in  combination  vrith 
glycocoll  as  toluric  acid. 

Although  a  general  resemblance  exists  in  the  oxidation  products  ot 
these  bodies  in  the  tissues  and  in  the  forms  in  which  they  are  excreted, 
considerable  differences  are  noted  in  the  details.  Thus,  naphtalin 
undergoes  the  same  oxidation  as  benzol,  forming  naphtol  in  place  of 
phenol,  but  while  the  phenol  appears  in  the  urine  in  combination  with 
sulphuric  acid  almost  entirely,  the  naphtol  combines  with  glycuronio 
acid  for  the  most  part. 
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1.    Carbolic  Add. 

Carbolic  acid,  or  phenol,  the  first  of  the  modem  antiseptics  to  be 
introduced,  acts  like  the  rest  of  the  simpler  benzol  compounds  as  a 
a«ueral  Protoplasm  Poison,  although  in  the  vertebrates  it  acts  more 
powerfnll7  on  the  central  nervous  system  than  on  the  other  tissues. 

Its  poisonous  effects  are  well  seen  when  it  is  applied  to  unicel- 
lular organisms,  such  as  the  protozoa.  Even  dilute  solutions  cause 
immediate  arrest  of  all  movements ;  the  organism  assumes  a  spherical 
shape  and  loses  its  transparency,  and,  unless  the  solution  be  very 
attenuated,  dies  in  the  course  of  a  few  minutes.  Plant  cells  are 
acted  on  the  same  way,  and  the  individual  cells  of  more  highly  organ- 
ized animals,  such  as  the  ciliated  epithelium  of  the  air  paesage«  and 
the  spermaiozoa,  are  killed  at  once  when  brought  in  contact  with  car- 
bolic acid.  There  is  some  evidence,  however,  that  very  dilute  solu- 
tions of  carbolic  acid,  as  of  other  antiseptics,  tend  to  increase  the 
activity  of  protoplasm,  for  while  solutions  of  phenol,  such  as  are  used 
as  surgical  antiseptics,  are  immediately  fatal  to  the  yeast  plant,  very 
dilute  solutions  increase  its  activity.  The  effect  of  carbolic  acid  on 
protoplasm  has,  however,  been  studied  chiefly  in  the  bacteria.  Its 
antiseptic  power,  while  always  considerable,  is  found  to  vary  greatly 
with  the  species  of  microbe.  Thus,  while  it  ia  fairly  poisonous  to  the 
ordinary  pyogenic  organisms,  it  has  to  be  present  in  very  concentrated 
form  to  destroy  the  more  resistant  spores  of  anthrax,  and  like  other 
antiseptics,  is  much  less  poisonous  to  the  microbes  than  to  the  protozoa 
and  other  simple  forms  of  life.  The  development  and  reproduction 
of  many  microorganisms  has  been  found  to  be  much  delayed,  or 
altogether  prevented,  as  long  as  they  remained  in  a  solution  of  one 
part  of  carbolic  acid  in  400—600  parts  water,  but  in  order  to  kill  the 
spores  very  much  more  concentrated  solutions  (5  per  cent.)  were 
required,  and  Koch  found  that  the  spores  of  the  anthrax  bacilli  were 
destroyed  by  5  per  cent,  carbolic  solution  only  after  they  had  remained 
in  it  for  two  days. 

It  seems  to  vary  considerably  in  its  action  on  the  unorganized  fer- 
ments; thus  it  is  said  not  to  retard  appreciably  the  fermentations 
produced  by  emulsin,  diastase  and  myrosin,  even  when  present  in  the 
solution  up  to  5  per  cent.,  while  pepsin,  ptyalin  and  the  rennet  fer- 
ment are  weakened  by  somewhat  smaller  quantities. 

Carbolic  acid  precipitates  Proteiiu  in  solution  and  also  in  the  cells. 
It  does  not  seem  to  enter  into  any  such  firm  combination  with  them 
as  is  formed  when  tannic  acid  or  a  salt  of  one  of  the  heavy  metals  is 
added  to  a  solution  of  protein,  for  it  can  be  washed  out  of  the  precipi- 
tate with  comparative  ease.  It  results  from  this  that  carbolic  acid 
29 
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penetrates  more  thorongbly  than  the  metallic  antiseptics,  which  are 
rendered  itiEoIuble  by  the  albumin  thej  meet,  and  whose  ttction  there- 
fore tends  to  remain  confined  to  the  surface. 

This  coagnlation  of  the  proteins  occurs  whenever  carbolic  acid  is 
brought  in  contact  with  the  tissues.  On  the  SUn  a  white,  opaque  scar 
is  formed  by  concentrated  phenol,  which  becomes  red  and  shining 
afterwards  and  then  falls  off  in  a  few  days,  leaving  a  light  brown 
stain  which  may  remain  for  several  weeks.  Even  a  five  per  cent. 
solution  applied  to  the  fingers  produces  tingling  and  warmth,  which 
is  often  followed  by  opacity  and  shrinking  of  the  epidermis  and  a 
sense  of  numbness.  This  numbness  may  amount  to  almost  complete 
an»Bthesia  if  more  concentrated  solutions  are  applied,  no  pain  being 
felt  even  when  the  skin  is  cot  through.  When  applied  for  some  time 
and  prevented  from  evaporating,  carbolic  acid  may  cause  extensive 
dry  gangrene  of  the  part  from  its  penetrating  through  the  surface 
layer  and  reaching  the  deeper  tissues.  Applied  to  a  Wound  in  five 
per  cent,  solution,  phenol  induces  pain  and  irritation  and  the  forma- 
tion of  a  white  pellicle  of  coagulated  prot^-ins.  It  causes  irritation 
and  necrosis  of  the  Uncona  Ucmbranea,  and  if  applied  in  sufficient 
quantity  may  lead  to  sloughing  and  acute  inflammation.  This  local 
effect  may  prove  fatal  from  shock  and  collapse  when  large  quantities 
of  the  undiluted  acid  are  swallowed,  the  effects  resembling  exactly 
those  produced  by  other  corrosive  substances. 

Apart  from  its  local  action,  carbolic  acid  has  important  effects  after 
its  absorption  into  the  blood.  The  most  marked  of  these  are  the 
changes  in  the  Central  Nerrons  Systam.  When  a  small  quantity  of 
carbolic  acid  is  injected  into  the  frog,  the  first  symptoms,  apart  from 
those  produced  by  the  pain  of  the  injection,  consist  in  an  unusual  quiet 
and  in  the  absence  of  the  spontaneous  movements.  Later,  quivering 
of  individual  muscles,  and  apparently  of  the  individual  bundles  of 
muscle  fibres,  sets  in,  and  this  is  soon  accompanied  by  an  increase  in 
the  reflex  irritability  and  eventually  by  convulsions  similar  to  those 
seen  after  strychnine.  These  movements  gradually  become  weaker, 
and  eventually  complete  paralysis  is  induced,  while  the  heart  con- 
tinues to  boat  and  the  muscles  and  nerves  react  to  the  electric  shock, 
A  dilute  solution  of  carbolic  acid  applied  directly  to  the  exposed 
spinal  cord  paralyzes  the  sensory  elements  immediately,  while  leav- 
ing unaffected  the  motor  fibres  and  the  cells  of  the  anterior  horn 
(Baglioni). 

In  mammals  a  very  similar  set  of  symptoms  are  produced,  save  that 
there  is  often  no  noticeable  preliminary  stage  of  depression.  Some 
weakness  and  lethargy  may  be  present,  however,  and  is  followed  by 
marked  muscular  tremor,  which  resembles  the  shivering  produced  by 
cold.  At  intervals  this  is  interrupted  by  sudden  twitches  in  different 
muscles,  and  later  by  clonic  convulsions.  The  respiration  and  the 
pulse  are  at  first  accelerated,  but  afterwards  are  slow,  irregular  and 
weak.  The  movements  become  feeble  and  appear  at  longer  intervals, 
the  respiration  is  shallow  and  irregular,  and  the  animal  passes  into 
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a  condition  of  collapse,  in  which,  however,  the  sensibility  to  pain  is 
often  preserred.  Eventually  death  occurs  from  asphyxia.  After 
very  large  doees  the  collapse  may  be  immediate,  no  conviilBions  being 
observed,  the  heart  and  respiration  often  ceasing  simultaneously.  In 
most  cases  salivation  is  a  marked  symptom,  and  the  temperature  often 
falls  far  below  the  normaL 

In  man  convulsions  are  comparatively  rarely  seen.  When  large 
quantities  are  taken,  immediate  unconsciousness  may  result  and  death 
follow  within  a  few  minutes.  How  far  this  is  due  to  the  local  cor- 
rosion, and  how  far  the  direct  action  on  the  central  nervous  system  is 
involved,  cannot  be  determined.  In  more  gradual  poisoning,  depres- 
sion and  weakness,  headache,  nausea  and  vomiting  are  followed  by 
giddiness,  noisee  in  the  ears,  pallor  and  collapse,  with  irregular  pulse 
and  respiration,  and  cold  perspiration ;  fainting  and  unconsciousness 
then  lead  to  failure  of  the  breathing  and  death.  Delirium  and  excite- 
ment have  been  observed  in  some  cases.  Fatal  poisoning  may  arise 
from  swallowing  the  concentrated  or  dilute  solution,  or  from  absorp- 
tion from  wounds  and  abscesses.  It  has  also  occurred  in  man  from 
absorption  through  the  unbroken  skin. 

The  autopsy  sometimes  gives  no  special  indications  of  the  cause  of 
death,  save  Uie  local  corrosion  of  the  alimentary  canal.  Inflammation- 
and  necrosis  of  the  intestine  is  said  to  have  been  observed  in  some 
cases  in  which  the  poison  was  absorbed  from  skin  wounds,  and  fatty 
degeneration  is  sometimes  induced  in  the  liver  and  the  renal  epithe- 
lium, but  is  not  constant. 

The  convulsions  in  the  frog  arise  from  an  increase  in  the  irritability 
of  the  spinal  cord,  especially  of  the  cells  of  the  anterior  horn  (Ba^ 
lioni),  for  they  are  not  arrested  by  section  of  the  medulla  oblongata. 
In  mammals  the  sudden  contractions  of  isolated  muscles  appear  due 
to  a  similar  action  on  the  spinal  cord,  but  the  clonic  convulsions  and 
the  persistent  tremors  are  probably  of  cerebral  origin,  and  Berkholz 
found  the  cerebral  cortex  abnormally  irritable  after  carbolic  acid. 
The  rarity  of  convulsions  in  man  has  not  been  satisfactorily  explained. 
In  some  cases  the  course  of  the  intoxication  is  too  short,  the  large 
amount  of  poison  swallowed  inducing  immediate  collapse,  while  in 
others  their  absence  may  be  due  to  the  debility  of  the  patient  from 
disease;  but  in  a  considerable  number  of  cases  of  poisoning  in  which 
neither  of  these  conditions  was  present,  no  convulsions  were  observed. 
A  similar  contrast  between  the  effects  of  a  poison  on  the  lower  animals 
and  on  man  has  been  mentioned  already  under  morphine.  In  all 
cases  the  primary  stimulation  of  the  central  nervous  syst^n  is  fol- 
lowed by  depression  and  paralysis  if  large  doses  are  administered. 

The  acceleration  of  the  Bssplnttlon  and  of  the  Heart  seen  in  mam- 
mals has  been  supposed  to  be  an  indirect  result  of  the  increased  mus- 
cular movement  and  convulsions,  but  this  seems  to  be  incorrect,  for 
the  heart  is  found  to  be  accelerated  before  the  convulsive  movements 
and  tremor  appear,  and  the  frog's  heart  is  accelerated  in  cases  where 
no  movements  whatever  occur.     It  would  seem  probable  that  the 
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acceleration  of  the  heart  is  due  to  direct  action  on  the  muscle  or  oo 
the  regulating  nerves.  The  subeequent  slowing  is  undoubtedly  due 
to  muscular  action. 

The  acceleration  of  the  respiration  precedes  the  increased  move 
mont  also,  and  would  therefore  seem  to  be  due  to  action  on  the  medul- 
lary centre,  which  is  first  stimulated  and  later  paralyzed.  The  vaso- 
motor centre  is  said  by  Qies  to  be  depressed  at  once  by  the  injection 
of  carbolic  acid  into  the  blood,  but  it  may  be  questioned  whether  it 
too  is  not  first  excited  when  the  poison  is  absorbed  more  slowly.  It 
is  undoubtedly  depressed  in  the  later  stages  of  poisoning,  and  this, 
together  with  the  weakness  and  slowness  of  the  heart,  causes  a  fall  in 
the  blood-pressure. 

The  peripheral  Hervee  and  UoscIm  do  not  seem  to  be  affected  in 
general  poisoning  in  mammals,  although  in  the  frc^  their  irritability 
and  the  capacity  for  work  of  the  muscle  may  be  somewhat  reduced. 

On  the  direct  application  of  solutions  of  carbolic  acid  to  the  nerves 
or  muscles,  these  are  at  once  killed,  like  other  forms  of  living  matter. 

The  increased  Secretion  of  saliva,  perspiration  and  tears  which  is 
seen  in  poisoning  in  mammals  is  probably  of  central  origin,  and  may 
possibly  be  associated  with  the  nausea  and  vomiting. 

The  fall  in  Temparatorc  in  carbolic  acid  poisoning  seems,  for  the 
main  part,  to  be  due  to  the  collapse,  although  it  is  impossible  to  state 
how  far  this  may  be  aided  by  some  alteration  of  the  regulating  func- 
tion, such  as  is  seen  in  the  closely  related  group  of  the  antipyretics. 

Carbolic  acid  added  to  the  defibrinated  Blood  leads  to  the  slow  for- 
mation of  methiemoglobin,  but  this  does  not  occur  in  the  living  animal. 
Occasionally  some  destruction  of  the  red  Wood  cells  is  caused  in 
animals  through  the  injection  of  carbolic  acid  directly  into  the  blood 
vessels,  and  in  one  case  of  poisoning  in  man  hfemoglobin  was  detected 
in  the  urine,  indicating  that  some  of  the  red  cells  of  the  blood  had 
been  destroyed. 

Excretion. — Carbolic  acid  passes  through  the  tissues  unoxidized  for 
the  most  part,  but  a  certain  proportion  of  it  undergoes  a  partial  oxida- 
tion to  hydroquinone  and  pyrocatechin.  These  combine  in  the  body 
with  sulphuric  and  glycuroiiic  acids,  and  are  excreted  in  the  urine  as 
double  sulphates  (ether  sulphates)  and  glyeuronates  of  phenol,  hydro- 
quinone and  pyrocatechin.  The  two  last-named  bodies  are  somewhat 
unstable  and  tend  to  undergo  further  oxidation,  through  which  colored 
substances  are  formed.  When  carbolic  acid  has  been  absorbed,  there- 
fore, the  urine  tends  to  assume  a  dark,  dusky-green  color  which  may 
change  to  brown  or  even  black.  This  change  may  occur  in  the  body, 
and  the  urine  is  very  often  passed  of  a  greenish-brown  color,  but 
further  oxidation  takes  place  on  exposure  to  the  air,  resulting  in  deeper 
coloration  which  commences  at  the  surface  of  the  fiuid  and  gradually 
extends  downwards.  The  depth  of  the  shade  depends  not  on  tl^ 
amount  of  phenol  sulphate  in  the  urine,  but  on  that  of  the  dioxy- 
benzols,  and  a  darker  urine  is  often  observed,  therefore,  when  the 
absorption  has  occurred  from  an  open  wound  (in  which  the  condi- 
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tions  are  especially  favorable  to  oxidation)  than  from  mnch  larger 
quantities  absorbed  from  the  alimentary  canal. 

The  preeence  of  glycuronates  in  the  urine  may  lead  to  ita  reducing 
Fehling's  solution,  and  thus  give  rise  to  the  suspicion  of  glycosuria. 
On  the  other  hand,  the  passage  of  these  bodies  through  the  kidney 
often  causes  some  irritation  and  albuminuria.  The  double  sulphates 
of  the  urine  are,  of  course,  much  increased,  and  in  the  dog  the  whole 
of  the  ordinary  inorganic  sulphates  may  disappear,  the  urine  con- 
taining only  double  sulphates. 

The  Ohlorphenols,  in  which  chlorine  is  substituted  for  one  or  more  of  the 
hydrogen  atoms  of  carbolic  acid,  are  much  more  poisoDOUS  to  microoi^aiiismB 
than  the  original  8ul)stance,  but  are  also  somewhat  more  poisonous  to  mam- 
mals, so  that  they  have  not  been  much  used.  A  similar  intensi^dng  effect 
is  seen  in  the  chlorine  substitution  products  of  the  narcotic  series,  e.  g.,  chloro- 
form. The  most  poisonous  of  the  monochlor-phenols  is  parachlorphenoL 
Bromol  or  tribromphenol  has  been  used  to  a  limited  extent  in  therapeatiea 
Hs  a  disinfectant  and  caustic. 

Pbepasatioits. 

Acmnu  Carbolicuh  (B.  P.),  Phenol  (U.  S.  P.),  carbolic  scid  or  phenol 
(C^,OH)  forms  colorless,  deliquescent  crystals  when  recently  prepared,  but 
often  assumes  a  reddish  tinge  from  oxidation.  It  has  a  characteristic  odor 
and  is  intensely  corrosive.  It  is  soluble  in  about  20  parts  of  water,  but  be- 
comes liquid  when  10  parts  of  water  are  added  to  90  of  the  crystals,  forming 
the  Acidvm  Carbolicum  Liquefactum  (B.  P.),  Phenol  Liguefactum  (U.  S.  P.). 
This  must  be  carefully  distinguished  from  the  ordinary  solution  of  carbolic- 
acid,  which  coDtaioa  only  about  5  per  cent,  of  phenol,  while  the  liquefied  car- 
bolic acid  contains  about  90  per  cent. 

Carbolic  acid,  0.03-0.2  G.  (i-3  grs.). 

liquefied  carbolic  acid,  1-3  mins. 

Glycentum  Phenolis  (U.  S.  P.),  Glycerinnm  Aeidi  CarboUci  (B.  P.),  20 
per  cent,  of  carbolic  acid  in  glycerin.     0.3  c.c.  (5  mins.). 

Ungtientum  Phenolis,  U.  S.  P.,  3  per  cent. ;  Unguentum  Addi  CarboUci,  B. 
P.,  4  per  cent. 

Carbolic  acid  is  generally  used  in  2-5  per  cent,  solution.  A  crude,  impm« 
form  may  be  employed  to  disinfect  stools,  latrines,  etc.  The  ointment  is  com- 
paratively seldom  prescribed,  as  it  is  found  more  iixitant  than  many  other 
equally  powerful  antiseptics.  The  glycerite  may  be  used  as  a  very  weak 
caustic.  Solutions  of  cu^lic  acid  in  oil  have  little  or  no  antiseptic  action, 
because  they  fail  to  penetrate  into  the  microbes. 

TherapentlG  Ubm. — Carbolic  acid  is  used  as  an  antiseptic  in  surgical 
operations  in  2-5  per  cent,  solution  in  water.  It  now  plays  a  much 
less  important  role  in  surgery  than  it  did  in  the  first  days  of  antisep- 
sis ;  in  fact  in  many  clinics  in  which  it  was  once  the  only  antiseptic 
used,  and  in  which  it  was  applied  in  all  the  manifold  preparations 
then  tnown,  carbolic  acid  ia  now  employed  only  to  preserve  the  instru- 
ments from  infection.  This  change  is  no  doubt  partially  due  to 
apprehension  of  its  irritant  action,  and  to  the  occasional  cases  of  poi- 
soning which  occurred  from  its  use,  but  chiefly  to  the  alterations  in 
surgical  technique  which  have  been  introduced  since  the  antiseptic 
method  was  first  invented.     The  tendency  now  is  to  reduce  the  use  of 
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antiseptics  to  a  minimum  and  to  tmst  instead  to  stricter  cleanliness 
and  asepsis.  Its  irritant  action  and  the  danger  of  abeorption  liave 
also  rendered  it  unpopular  as  a  dressing  or  lotion  after  operations  or 
injuries,  where  there  is  any  large  absorbent  surface,  or  where  irrita- 
tion is  liable  to  be  injurious,  as  in  most  forms  of  skin  disease. 

It  is  still  used  as  a  disinfectant  in  septic  wonnds,  though  greater 
reliance  is  now  placed  on  corrosive  sublimate  and  the  oxidizing  germi- 
cides, such  as  hydrogen  peroxide.  Strong  carbolic  acid  has  been 
applied  to  disinfect  wounds,  its  poisonous  effects  being  avoided  by 
immediately  washing  it  off  with  alcohol. 

Harrington  has  recently  drawn  attention  to  the  danger  of  applying 
dilute  solutions  in  bandages  to  injured  fingers  and  hands;  he  found 
records  of  over  a  hundred  cases  in  which  this  had  led  to  gangrene, 
necessitating  amputation. 

Carbolic  acid  had  a  limited  use  as  a  caustic  in  the  form  of  the 
liquefied  preparation,  and  was  less  painful  than  most  other  caustics. 
It  has  also  been  employed  in  itching  skin  diseases,  but  is  inferior  to 
the  cocaine  series.  Internally,  it  was  at  one  time  advocated  as  an 
intestinal  disinfectant,  but  has  been  supplanted  by  less  irritant  and 
less  soluble  bodies.  Its  use  as  a  remedy  in  constitutional  diseases  ia 
now  obsolete. 

FolMniag. — In  carbolic  acid  poisoning,  when  it  has  been  taken  by 
the  mouth,  the  first  treatment  is  the  removal  of  the  poison  by  the 
stomach  tube  and  the  thorough  lavage  of  the  stomach  with  water  to 
which  10  per  cent,  of  alcohol  may  be  added ;  the  alcohol  dissolves  the 
poison  more  readily  than  water  and  thus  facilitates  its  removal,  but 
Las  no  other  antidotal  action,  and  should  be  removed  from  the  stomach 
as  completely  as  possible;  when  absorption  has  occurred  from  the  skin 
or  from  a  wound  the  dressing  should  he  removed  at  once.  The  com- 
bination of  phenol  with  sulphuric  acid  in  the  tissues  forma  a  compara- 
tively harmless  body,  and  Baumann  and  Preusse  therefore  suggested 
the  administration  of  sodium  sulphate  in  large  quantities.  It  is 
found,  however,  that  this  is  of  little  or  no  use,  because  the  phenol 
does  not  combine  with  sulphates  as  such  in  the  body,  but  with  organic 
sulphur  compounds  which  are  only  in  process  of  being  oxidized  to 
sulphuric  acid.  When  coma  and  collapse  set  in,  the  patient  is  to  be 
sustained  by  the  application  of  warmth  externally,  and  by  the  admin- 
istration of  such  central  ncrvons  stimulants  as  caffeine,  atropine  or 
camphor;  artificial  respiration  may  eventually  be  used,  although  there 
is  little  prospect  of  resuscitation  if  the  intoxication  has  advanced  so 
far.  The  corrosion  induced  by  carbolic  acid  locally  may  be  treated 
fay  washing  the  part  with  alcohol,  which  dissolves  the  acid  readily. 
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OresoL 

The  three  ensols  (C^,CH,OH)  are  nearly  related  to  carbolic  acid  cbem- 
icall;  and  resemble  it  in  their  effects.  Metacresol  is  less  poisouoos  to  mam- 
mals and  less  irritant,  and  at  the  same  time  seems  to  be  more  deetroctive  to 
microbes  than  carbolic  acid.  Ortbocresol  is  more  dangerous  than  carbolic 
acid,  and  paraertsol  is  the  most  powerful  poison  of  all.  In  the  presence  of 
soaps  the  three  cresols  seem  to  be  approximately  equal  in  disinfectant  power. 
A  number  of  cases  of  suicidal  poisoning  with  lysol  have  recently  occurred, 
and  in  some  of  these  marked  alteration  of  the  liver  has  been  observed; 
nephritis  and  hnmolyBis  are  also  induced  in  some  instances,  but  the  chief 
symptoms  arise  from  the  central  nervous  system  and  consist  in  collapse  and 
muscular  exhaustion,  followed  by  coma,  thus  closely  resembling  the  effects 
of  carbolic  acid.  Much  of  the  cresol  absorbed  in  cases  of  poisoning  undei^oes 
complete  combustion  in  the  tissues;  the  rest  is  excreted  in  the  urine  in  combi- 
nation with  sulphuric  and  glycuronie  acid  and  some  in  a  partially  oxidized 
form.  The  cresols  are  constituents  of  the  tars  and  other  crude  antiseptio  snb- 
stanees.  They  are  only  slightly  soluble  in  water,  and  there  has  been  some 
difficulty  in  rendering  them  available  for  soi^cal  use,  but  this  has  been  over- 
come by  forming  emulsions  (creolin),  or  by  dissolving  them  with  the  aid  of 
salts  (aolveol,  solutol),  or  suspending  them  by  means  of  soap  [lyaol).  These 
preparations  ore  not  devoid  of  poisonous  properties,  as  is  often  stated;  in 
fact,  they  are  little,  if  at  all,  1^  dangerous  than  carbolic  acid.  They  are 
used  chiefly  as  surgical  antiseptics,  but  creolin  has  also  been  given  as  an 
intestinal  disinfectant,  although  with  indifferent  results.  Their  value  as 
surgical  antiseptics  has  been  denied  by  some  writers  and  there  is  no  question 
that  it  has  been  much  overrated  by  others. 

Cresol  (TJ.  S.  P.),  a  mixture  of  the  three  cresols,  foiros  a  colorless  or  straw- 
colored  fluid  with  a  phenol  odor.  Soluble  in  30  parts  of  water.  Dose,  0.05 
c.c  (1  min.). 

I4qvor  CreaoUs  Compositus  (U.  8.  P.),  Cresol  50  per  cent,  suspended  in 
water  by  means  of  soap,  is  used  in  a  diluted  form  as  a  sui^cal  disinfectant. 
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ThymoL 

Another  phenol  faomologne  is  thymol,  which  resembles  carbolic  acid  closely 
in  its  action,  though  it  causes  less  central  nervous  stimulation.  Convulmons 
and  tremom  are  rarely  induced  in  either  ttoga  or  mammals,  and  when  preaent. 
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are  very  mach  less  intense  than  those  foUowing  carbolic  acid.  The  animal 
generally  sinks  into  a  condition  of  apathy  and  weakness,  which  gradnally 
passes  into  collapse  and  death.  Thymol  is  lees  soluble  in  the  fioi^  of  the 
body,  and  is  thco^fore  absorbed  more  slowly  than  carbolic  aeid.  It  is  also 
lees  irritant  to  wounded  surfaces  and  is,  according  to  most  observers,  consid- 
erably more  poisonous  to  putrefactive  ot^anisms,  while  lese  poisonous  to  the 
higher  HniTrmlii  In  poisoning  from  its  use,  fatty  degeneration  of  the  liver, 
ma^ed  congestion  and  even  consolidatioD  of  the  lungs,  and  irritation  of  the 
intestines  have  been  observed.  It  is  excreted  in  the  urine  in  combination  with 
snlphurie  and  glycoronic  acids,  partly  unchanged,  partly  oxidized  to  thymol- 
bydroqainone.  There  is  also  found  in  the  urine  a  green  coloring  substance, 
which  becomes  blue  on  the  addition  of  acid,  and  wMch  seems  nearly  related 
to,  but  not  identical  with  indigo.  Thymol  is  said  to  be  more  liable  to  caiue 
renal  irritation  than  carbolic  acid,  and  albumin  and  even  blood  have  been 
repeatedly  observed  in  the  urine  after  its  absorption. 

Thymol  (U.  S.  P.,  B.  P.)  (C^.C^CH.OH)  occurs  in  common  thyme  and 
several  other  plants,  and  forms  large,  colorless  crystals,  which  have  the  odor 
of  thyme  and  are  very  insoluble  in  water.  0.123  G.  (2  grs.)  In  pills,  cap- 
sules, emulsion,  or  in  solution  in  dilute  alcohol. 

Thymol  has  been  used  occasionally  as  an  antiseptic  lotion  in  ^  per  cent. 
solution,  and  as  a  mouth-wash  and  gaigle,  for  which  carbolic  acid  is  rendered 
unsuitable  by  its  unpleasant  odor  and  its  corroeive  action.  As  an  internal 
remedy  it  has  proved  a  failure  in  the  treatment  of  various  constitutional  dis- 
eases, such  as  acute  rheumatism,  phthisis  and  typhoid  fever. 

I  It  has  recently  been  highly  recommended  as  an  anthelmintic  for  uneinaria 
or  anchylostoma;  it  is  given  in  capsules  or  emulsion  in  doses  of  2  Q.  (30 
grg.),  repeated  in  two  hours,  and  followed  in  six  or  eight  hours  by  a  bnsk 
saline  purge. 
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EncalyptoL 

Eucalyptol  (C„H„0)  is  the  chief  constitnent  of  oil  of  eucalypi.ud,  which 
is  obtained  from  Eucalyptus  globulus  and  some  other  species.  It  is  also  con- 
tained in  the  oil  of  cajuput  and  in  other  volatile  oils.  It  has  been  recom- 
mended as  a  surgical  antiseptic  and  in  the  same  class  of  internal  diseases  as 
thymol,  but  does  not  seem  to  have  any  special  virtues  distinguishing  it  from 
the  general  class  of  volatile  oils. 

Eacajyptol  (U.  S.  P.),  a  colorless  fluid,  having  a  characteristic,  camphor- 
aMous  odor  and  a  pungent,  spicy,  cooling  taste.  It  is  almost  insoluble  in 
water,  but  is  miscible  wiUi  alcohol  in  all  proportions.    Dose,  0.3  c.c.  (Smina.). 

Besordn. 

The  three  diozybenzols — resorcin,  pyrocatecMn  and  hydroquinone — ^resem- 
ble carbolic  acid  in  their  effects,  but  produce  a  more  intense  stimulation 
of  the  centra]  nervous  system,  for  convulsions  have  been  observed  in  man 
after  their  use.  This  is  especially  true  for  tbe  two  last,  resorcin  beli^ 
much  less  toxic  than  these.  Resorcin  seems  to  be  equally  or  more  stron^y 
antiseptic  than  phenol,  and  is  somewhat  less  poisonous,  while  the  othen  are 
more  dangerous;  it  is  less  irritant  and  caustic  than  carbolic  add.  All  three 
dioxylbenzols  are  excreted  in  the  mine  in  combination  with  sulphuric  and 
glycuronic  adds.    They  are  in  part  subjected  to  further  oxidation,  leading  to 
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coloration  of  the  urine  sunilar  to  that  seen  in  carbolic  acid  poisoning.  Pyro- 
catechin  and  hjdroqninone  when  added  to  blood  form  methiemoglobiii  much 
more  readily  than  phenol,  and  also  tend  to  form  it  in  the  body  when  the 
intoxication  does  not  progress  too  rapidly  to  allow  of  this  alteration  in  the 
living  animal.  They  cause  a  much  greater  destruction  of  the  red  blood  eells 
than  phenol. 

Resorcinol  (U.  S.  P.),  resorcin,  metadioxylbenzol  (GrH,(OH),),  colorless, 
very  soluble  (crystals,  with  a  faint  aromatic  odor.    0.125  Q.  (2  grs.). 

Resorcin  is  a  remedy  which  has  faUen  into  almost  complete  disuse.  At 
first  introduced  as  an  antiseptic,  it  was  prescribed  for  a  short  time  as  an 
antipyretic,  but  has  proved  as  unsuitable  for  this  purpose  as  carbolic  acid  or 
anilme,  which  reduce  fever  temperature,  but  cause  symptoms  of  collapse  very 
readily.  It  has  been  used  as  an  intestinal  antiseptic  and  in  rheumatic  fever, 
but  has  here  again  been  supplanted  by  leas  dangerous  remedies.  As  an 
external  application,  it  has  been  applied  in  ointment  (5-10  per  cent.)  in 
skin  diseases,  and  has  been  injected  in  c^titis  and  gonorrhcsa  in  solution  (1-3 
per  cent.),  bat  in  both  eases  is  liable  to  produce  irritation  and  pain.  As  an 
intemat  remedy  it  shonld  be  prescribed  in  dilute  solution  (1-2  per  cent.). 

BlBLIOGBAPHT. 

Andeer.     Centralbl.  f.  d.  med.  Wis.,  1SS1-18SB. 

Buiimann.     Zts.  f.  phys.  Cheni.,  i.,  p.  244.     (Bee  Carbolic  Acid.) 

Brieger.     Zta.  1.  klin.  Med.,  iii.,  p.  25.     Arcb.  1.  Anat.  v.  Phys.,  1879,  Snppl.,  p.  61. 

Martin.     Therap.  Qaz.,  1887,  p.  2S9. 

Surbeek.     Dentsch.  Arch.  f.  klin.  Med.,  zziii.,  p.  515. 

Danilewtby.     Arch.  f.  exp.  Path.  u.  Fharm.,  xxxv.,  p.  105. 

2.    FTTogallol. 

Pyrogallol,  the  only  trioxybenzol  that  has  been  largely  used,  pro- 
duces nervous  symptoms  resembling  those  of  carbolic  acid,  when 
given  in  very  large  doses  to  animals.  In  the  cases  of  poisoning  which 
have  been  observed  in  man,  the  symptoms  cloeely  resembled  those 
caused  by  smaller  quantities  in  animals,  in  that  these  nervoiia  phe- 
nomena were  almost  entirely  absent,  and  the  poison  acted  not  so  much 
directly  on  the  central  nervous  system  as  upon  the  blood  corpuscles. 
Many  of  the  other  members  o£  this  series  cause  some  destruction  of 
the  red  cells,  but  none  of  them  approach  pyrogallol  in  the  intensity  of 
their  efFects.  The  red  blood  cells  become  shrunken  and  angular  and 
lose  most  of  their  htemoglobin,  which  escapes  into  the  plasma  and  is 
changed  into  methtemoglobin ;  the  blood  therefore  assumes  a  brownish- 
red  color,  which  may  be  detected  in  the  living  animal  by  the  discolora- 
tion of  the  skin  and  mucous  membranes.  If  the  intoxication  is  not 
too  acute,  icterus  follows,  and  hsemc^lobin  and  methtemoglobin  are 
excreted  in  the  urine.  In  the  blood,  fragments  of  red  cells  and 
"  shadows,"  or  red  cells  deprived  of  their  coloring  matter,  are  seen  in 
large  numbers,  and  the  spectrum  of  methfemoglobin  can  be  obtained 
easily.  The  kidneys  are  also  affected,  and  the  resulting  nephritis 
is  indicated  by  the  presence  in  the  urine  of  albumin,  epithelium  and 
c&sts,  along  with  the  products  of  the  decomposition  of  the  blood.  The 
nephritis  may  lead  to  unemie  convulsions,  which  are  sometimes  accom- 
panied by  the  nervous  tremors  characteristic  of  this  series  and  also 
by  dyspnoea  and  cyanosis  from  the  lack  of  haemoglobin  in  the  blood. 
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The  formation  of  methfenM^lobin  is  generally  believed  to  be  connected 
with  the  well-known  reducing  properties  of  pyrogallol,  but  whether 
the  methsmoglobin  is  a  direct  result  of  the  reduction  caused  in  the 
hsemo^obin,  or  whether  a  secondary  oxidation  accompanies  this 
action,  is  unknown.  Pyrogallol  is  excreted  in  part  in  combination 
with  sulphuric  acid  in  the  urine,  in  part  as  unknown  oxidized 
products,  which  give  the  urine  a  dark  brown  or  black  color,  even  when 
no  blood  pigments  are  contained  in  it.  In  fatal  poisoning  death 
seems  to  be  due  to  the  blood  changes,  and  the  consequent  nephritis 
and  jaundice,  rather  than  to  the  direct  effect  of  the  drug  on  the  cen- 
tral nervous  system.  It  has  been  stated  that  the  debris  of  the  red 
blood  cells  fails  to  pass  through  the  capillaries  and  thus  leads  to  throm- 
bosis, but  this  baa  been  denied  by  later  investigators. 

The  skin  is  dyed  brown  when  pyrt^llol  is  applied  to  it,  from  the 
products  of  oxidation  formed. 

PyrogaUol  (U.  S.  P.),  pyrogallic  acid  (CA(OH),),  light,  colorless  crystala 
or  laminffi  when  freshly  prepared,  which  rapidly  BEsume  a  daAer  color  on 
exposure  to  light  and  air.  It  is  very  soluble  in  water  and  reduces  the  salts 
of  the  heavy  metab  even  in  the  cold.     It  is  used  only  externally. 

Fyr<^llol  is  used  in  the  treatment  of  several  forms  of  skin  disease, 
especially  in  psoriasis,  in  which  it  is  applied  in  ointment  (5—20  per 
cent.).  It  is  dangerous  to  apply  it  to  very  large  surfaces,  however, 
and  many  authorities  therefore  advise  the  use  of  chrysarobin  in  its 
stead.  Pyrogallol  ought  never  to  be  used  internally.  Its  curative 
action  in  skiu  diseases  may  be  due  to  its  slight  irritant  and  antiseptic 
properties,  but  is  referred  by  some  to  its  reducing  action. 
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3.    Napbtalin  and  Naphtol  (Naphthol). 

Naphtalin  and  its  compounds  alpha-  and  beta-naphtol  differ  in 
some  respects  from  the  other  members  of  the  series.  They  are  all 
insoluble  in  water,  but  the  naphtols  are  dissolved  in  the  alkalies. 
Some  question  has  arisen  as  to  whether  Naphtalin  is  really  an  anti- 
septic in  itself,  or  whether  it  owes  its  activity  to  the  formation  of  the 
more  soluble  naphtols.  Animals  poisoned  with  it  do  not  exhibit  the 
ordinary  symptoms  of  poisoning  with  an  aromatic  body,  even  when  it 
is  administered  for  several  weeks,  but  suffer  from  diarrhoea  and  lose 
flesh  rapidly,  either  from  disturbance  of  the  alimentary  canal  or  from 
renal  disorder.  The  urine  soon  contains  albumin,  casts  and  epithe- 
lium, and  the  kidney  is  found  in  a  condition  of  parenchymatous 
nephritis.  The  changes  in  the  eye  caused  by  naphtslin  and  naphtol 
have  excited  some  interest.  The  retina  is  seen  with  the  ophthalmo- 
scope to  be  dotted  over  with  numerous  bright  points,  or  sometimes  to 
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contain  large  yellow  plaques,  and  after  large  doees  eubretinal  effusion 
has  been  observed.  At  the  same  time  atrophy  of  the  optic  nerve  may 
occur,  and  Bright  points  are  seen  in  the  vitreous  humor  similar  to 
those  in  the  retina.  A  slight  cloudinesfi  appears  in  the  lens  and 
increases  rapidly  until  it  becomes  opaque  and  resembles  an  ordinary 
cataract  in  man.  This  does  not  seem  to  be  secondary  to  the  retinal 
changes,  but  is  the  result  of  an  inflammatory  infiltration  beginning 
in  the  ciliary  body  and  iris  and  extending  into  the  lens  and  finally 
into  the  posterior  surface  of  the  cornea.  These  changes  in  the  eye 
have  generally  been  observed  in  animals  treated  with  large  doses  of 
naphtaline  or  naphtol,  and  have  not  occurred  in  such  intensity  in 
man;  bat  r.  d.  Hoeve  states  that  commencing  retinal  d^eneration 
may  be  induced  in  man  by  the  use  of  naphtol  internally  or  externally, 
and  cautions  against  its  prolonged  administration. 

Large  doses  of  the  Naphtols  induce  symptoms  similar  to  those  of 
carbolic  acid  poisoning,  except  that  in  the  dog  no  convulsions  have 
been  observed,  and  in  the  other  mammals  they  seem  less  pronounced. 
They  are  irritating  to  the  mucous  membranes  when  they  come  in  con- 
tact with  them  in  solution  or  in  vapor;  thus  they  cause  sneezing  and 
coughing  when  applied  to  the  respiratory  passages,  and  in  the  course 
of  excretion  induce  pain  in  the  bladd^  and  urethra  with  strangury 
and  swelling  of  the  mucous  membrane.  Injected  subcutaneonely  or 
absorbed  from  the  alimentary  canal  in  animals,  they  induce  acute 
nephritis  with  the  appearance  of  albumin  and  hemoglobin  in  the 
urine,  and  some  nephritis  has  been  caused  in  man  from  their  external 
application.  They  seem  to  have  less  effect  on  the  circulation  and 
respiration  than  the  other  aromatic  antiseptics,  but  resemble  them  in 
tending  to  destroy  the  red  cells  of  the  blood.  Alpha-napthol  baa  been 
found  to  be  more  strongly  antiseptic  than  the  beta  compound,  and 
may  be  more  poisonous,  as  is  generally  stated,  but  no  satisfactory 
investigation  has  appeared  regarding  this  point.  Beta-naphtol  is  sev- 
eral times  as  strongly  germicidal  as  carbolic  acid,  and  is  the  form 
used  in  therapeutics. 

Naphtalin  is  partly  oxidized  in  the  tissues  and  appears  in  the  urine 
as  alpha-  and  beta-naphtol  and  naphtoquinone,  all  in  combination 
vrith  glycuronic  and  sulphuric  acid.  The  naphtols  are  excreted  in 
combination  with  these  acids  also.  These  bodies  and  their  oxidized 
products  give  the  urine  a  reddish-brown  tint,  which  may  become 
deeper  on  exposure  to  the  air,  but  in  some  cases  it  retains  its  ordinary 
color. 

Pbepabatiobs. 

Naphthalenum  (U.  S.  P.),  naphtalin  or  naphtalene  (CJ^),  eoloiiess,  in- 
soluble crystals  with  a  coal-tar  odor  and  a  hot,  aromatic  taste.  0J.25  G. 
(2g™.). 

Bbtahaphthol  (TJ.  B.  P.),  Naphthol  (B.  P.).  Beta-naphtol  (C„H,OH), 
white  or  yellowish-white,  insoluble  crystals  or  powder,  with  a  faint  phenol 
odor  and  a  hot  taste.    0.25  G.  (4  grs.). 
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ni«rkpeiitlc  Uses. — Kaphtalin  and  napbtol  were  at  first  introduced 
aa  external  applications  in  parasitic  Bkin  diseaaes  of  variotts  fonns^ 
but  have  been  more  estensively  prescribed  as  inteetinal  disinfectants. 
In  some  disorders,  Bucb  as  diarrhosa,  in  wbicb  the  walls  of  the  intes- 
tine are  only  secondarily  affected  by  the  putrefaction  of  the  contents^ 
they  have  proved  efficacions,  but  when  the  intestinal  walla  themselves 
are  the  seat  of  the  primary  disease,  as  in  typhoid  fever  and  dysentery, 
they  are  of  doubtful  value.  They  have  been  employed  as  anthel* 
mintics  to  a  limited  extent,  and  apparently  with  scnne  success,  though 
tbey  have  not  proved  so  reliable  as  some  of  the  older  drugs  used  for 
this  purpose.  Naphtol  is  more  largely  used  than  naphtalin  in  inter- 
nal medication,  and  may  be  prescribed  as  a  powder  or  in  capsules. 
They  are  nsed  externally  as  ointments  (5-10  per  cent).  Naphtalin 
and  naphtol  ought  to  be  avoided  in  irritation  of  the  kidneys,  bladder 
or  urethra. 

B1BL100RA.PHT. 

Waimt.     Ther&p.  Monatebeft,  18S8,  p.  20. 
Baalt.     Centrftlbl.  t.  inn.  Med.,  ISS4,  p.  S5T. 
Letnik.    Arcb.  f.  exp.  Path.  u.  Pbann.,  zxiv.,  p.  168. 
Magnus.    Therap.  MoEAta.,  16S7,  p.  387. 
Klingmann.     Viichow's  Arch.,  cx&z.,  p.  12. 
V.  d.  Hoeve.     Arch.  f.  Ophthalmol.,  liii.,  p.  74, 
Edleften.    Arch.  f.  exp.  Path.,  lii.,  p.  429. 

4.    Tar. 

The  action  of  the  various  crude  preparations  of  the  antiseptic  series 
resembles  that  of  the  pure  principles,  but  as  in  most  of  them  the 
creoeols,  guaiacols  and  others  lese  poisonous  aromatic  compounds  are 
present  in  larger  quantity  than  the  phenols  and  dio:^benzol8,  they 
are  less  poisonous  than  carbolic  acid  and  its  simpler  homolc^ee.  At 
the  same  time  these  higher  combinations  do  not  seem  to  be  much  less 
antiseptic  than  the  simpler  benzol  derivatives,  so  that  several  of  the 
crude  preparations  possessconsiderable value insurgeryandmedicine. 

Frefabations. 

Pix  JAqvida  (TJ.  S,  P.,  B.  P.),  tar,  is  obtained  from  the  wood  o(  Pinus 
palnatriB  and  other  species  of  Pians  by  destructive  distillation  and  coataina 
a  ver;  lai^  number  of  aromatic  bodies  mixed  with  others  of  less  importance. 

OUum  Pida  lAqwdte  (U.  S.  P.)i  oil  of  tar,  is  a  volatile  oil  distilled  from 
tar,  and  is  similar  to  creosote,  except  that  it  consists  almost  entirely  of 
gnaiacols  and  their  componnds.    0.2  c.c.  (3  grs.). 

Syrupus  Ptcis  lAqutdte  (U.  S.  P.),  syrup  of  tar,  4  c.c.  (1  fi.  dr.). 

Unguentum  Pida  Uquida  (U.  S.  P.,  B.  P.). 

Olettm  Cadinum  (U.  S.  P.,  B.  P.),  oil  of  cade  or  empyreumatic  oil  of 
juniper,  ia  obtained  by  dry  distillation  of  juniper  wood,  and  contains  dioxyl- 
benzol  and  guaiaeol  combinations.  It  is  less  strongly  disinfectant  than  Uie 
other  tars. 

Tar  is  a  valuable  disinfectant,  which  is  very  generally  available 
and  is  much  cheaper  than  the  purer  bodies  of  the  aromatic  series.  It 
may  be  used  for  the  disinfection  of  excrementa,  latrines,  etc.,  where 
the  cost  of  even  cmde  carbolic  acid  would  be  prohibitive. 
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Tar  has  also  been  used  ^ith  considerable  succeas  as  an  antiseptic  in 
skin  diseases,  in  which  it  may  be  applied  either  alone  or  as  an  oint- 
ment. It  is  only  slightly  irritating  to  the  skin,  and  some  absorption 
occurs,  as  is  often  seen  by  the  dark  color  of  the  urine.  Internally  it 
has  been  used  occasionally  as  an  anthelmintic  and  intestinal  disin- 
fectant, much  more  frequently  as  an  "  expectorant "  in  cough  mix- 
tures. ■  Whether  it  has  any  effects  on  the  lungs  or  not  in  these  cases 
may  be  questioned.    It  is  generally  given  as  the  syrup, 

Bl  BLIOaBAPHT. 


Creosote. 

Creosote  may  be  regarded  aa  a  wood-tar  from  which  the  more 
poisonous  phenols  and  the  less  volatile  bodies  have  been  eliminated, 
leaving  guaiacols  and  creosols  as  the  chief  constitaents.  Its  action 
is  similar  to  that  of  carbolic  acid,  except  that  it  has  less  tendency  to 
induce  nervous  symptoms,  and  is  less  irritant  and  poisonous.  On  the 
other  hand,  it  seems  at  least  as  strongly  antiseptic  as  carbolic  acid, 
and  according  to  some  investigators  far  excels  it  as  a  germicide. 

Pbepahations. 

OrooBOtiua  (U.  S.  P.,  B.  P.)  is  obtained  from  wood-tar,  preferably  from 
beech  tar,  and  ia  an  almost  colorless  oily  liquid  with  a  smoky  odor  and  hot, 
bnming  acrid  taste.  It  is  slightly  soluble  in  water,  but  mixes  readily  with 
alcohol.  -  It  tends  to  darken  in  color  when  exposed  to  the  light,  0.05-0,3  c.c 
(1-5  mina.). 

Aqua  Creoaoti  (U.  S.  P.),  a  very  dilute  solution  of  creosote  in  water,  less 
than  one  per  cent.    8  c.c.  (2  fl.  drs.). 

Unguentum  Creoaoti  (B.  P.). 

Creosote  may  be  administered  in  pills,  capsules,  in  solution  in  alcohol  or 
cod-liver  oil,  or  as  a  mixtore.  The  wine  of  creosote,  which  has  been  a  popular 
remedy,  contains  it  dissolved  in  wine  along  with  some  brandy  and  tincture  of 
gentian.  It  ought  not  be  allowed  to  reach  the  mucous  membranes  in  a  con- 
centrated form,  as  it  is  liable  to  irritate  them. 

Thantpentic  Usee, — Creosote  is  comparatively  seldom  used  except 
in  the  treatment  of  pulmonary  phthisis  and  gangrene,  and  chronic 
bronchial  inflammation.  It  is  generally  given  by  the  mouth  in  these 
cases,  but  has  also  been  injected  hypodermically  or  into  the  rectum ; 
the  vapor  is  recommended  as  an  inhalation,  and  some  practitioners 
have  injected  creosote  solution  into  the  trachea,  in  order  to  ensure  its 
reaching  the  lungs.  None  of  these  methods  are  believed  to  give  such 
good  results  as  the  ordinary  administration  by  the  mouth. 

The  results  of  creosote  medication  are  still  disputed.  Many  clin- 
icians state  that  a  general  improvement  follows  it  in  phthisical 
patients,  that  the  appetite  is  improved,  the  cough  and  expectoration 
lessened,  and  that  the  patient  feels  stronger  and  better,  (hi  the  other 
hand,  others  are  extremely  sceptical  as  to  any  benefits  arising  from 
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creosote,  and  regard  it  as  merely  one  of  the  conntless  remedies  whicli 
have  been  reconnnended  in  this  condition,  and  which  after  a  shorter 
or  longer  period  of  popularity  have  passed  into  oblivion. 

It  is  generally  supposed  by  the  advocates  of  the  creosote  treatment 
that  the  remedy  destroys  the  tubercle  bacillus  in  the  lungs  through  its 
antiseptic  properties.  On  the  other  hand,  animals  infected  with 
tubercle  and  treated  with  creosote  die  as  soon  as  controls  which  are 
untreated,  and  the  sputum  of  phthisical  patients  treated  with  creosote 
is  as  virulent  as  that  of  others  not  so  treated.  Besides,  the  adminis- 
tration of  creosote  by  other  ways  than  by  the  mouth  is  said  to  be  very 
much  less  efficacious.  Another  explanation  of  the  creosote  action  is 
that  it  acts  as  an  intestinal  antiseptic  and  prevents  the  secondary 
infection  of  the  bowel ;  but  it  has  been  objected  to  this  that  the  other 
intestinal  antiseptics  are  of  little  value  in  tuberculosis.  It  seems 
useless  to  speculate  on  the  method  of  action  until  it  has  been  definitely 
determined  that  creosote  is  of  value  in  phthisis,  and  this  can  be  done 
only  by  careful  statistical  inquiry.  The  medical  profession  seems  to 
have  much  less  faith  in  the  efficacy  of  the  creosote  treatment  than  it 
had  a  few  years  ago,  when  it  was  not  generally  recc^;uized  that  pul- 
monary tuberculosis  is  curable  by  hygienic  measures  in  a  consideraUe 
proportion  of  instances. 

Oroowl,  an  ether  of  dioxTtolnol,  is  contained  in  creosote  and  other  wood- 
toTB,  and  has,  as  far  as  is  known,  eSet^ts  similar  to  those  of  the  allied  Ixidies, 
but  has  not  been  investigated  so  carefully  as  some  of  the  others. 

Ooaiacol,  the  methjl  ether  of  p^rrocateehin,  seems  to  be  somewhat  more 
poisonous  than  carbolic  aeid  according  to  lUarfori,  whose  preparations,  how- 
evtir,  were  by  no  means  pure;  the  symptoms  induced  were  those  characteristic 
of  the  series.  It  is  excreted  in  the  urine  in  combinatioo  with  aulphnric  and 
glycuronic  acids. 

Qualacol  Carbonate  seems  to  have  the  same  effects  as  guaiacol,  into  which 
it  is  decomposed  in  the  intestine. 

It  was  found  a  few  years  ago  that  gnaiacol  applied  to  the  skin  over  a 
sufficiently  wide  area  produced  a  marked  fall  of  temperature  in  fever,  bat  this 
does  not  seem  to  be  any  specifie  effect  of  guaiacol,  and  wonld  probably  have 
resolted  from  the  application  of  any  other  equally  volatile  member  of  the 
gronp.  The  explanation  is  that  a  certain  proportion  of  the  gu&iocol  applied 
is  absorbed  from  the  skin,  and  the  fall  of  temperature  is  one  of  the  symptoms 
of  poisoning.  Considerable  quantities  of  guaiacol  have  been  recovered  from 
the  urine  after  this  method  of  medication.  The  fall  of  temperature  is  gen- 
erally abrup,t  and  is  accompanied  by  some  exhaustion  and  weakness,  and  by 
profuse  perspiration.  The  temperature  soon  rises  again  to  its  former  height 
with  shivering  and  rigors,  and  there  seems  good  reason,  therefore,  why  gaaiacol 
should  not  be  classed  among  the  more  satisfactory  antipyretics. 

Guaiacol  (IT.  S.  P.)  (C^.OH-OCH,),  colorless  crystals,  or  fluid  with  an 
agreeable  aromatic  odor,  soluble  in  53  parts  of  water  and  in  alcohol.  Dose, 
0.5  c.c.  (8  mins.). 

Gnaiacol  has  been  administered  as  a  substitute  for  creosote  in  tabercnlar 
disease.  It  is  generally  given  in  solution  in  alcohol  or  cod-liver  oil,  or  in  piUs. 
It  has  been  injected  hypodermically. 

Omiacolia  CarboMS  (U.S.  P.)  ({C,H,0),CO,},an  almost  tasteless  powder; 
is  given  in  cachets  in  doses  of  0.2-O.5  Q.  (3-8  grs.)  in  pulmonary  phthisis. 

IcMhyol  is  derived  from  the  tar  of  a  bitnminons  ahale  which  is  fonnd  in 
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the  Tyrol,  and  which  contains  the  remains  of  man;  fossil  flehes.  It  has 
a  high  percentage  of  sulphur,  which  seems  to  be  only  in  part  in  the  fonn  of 
Bolphons,  in  part  in  that  of  mercaptons  and  sulphides.  It  possesses  some 
antiseptic  action,  althongh  it  is  believed  to  be  less  powerful  than  carbolic  acid. 
Applied  to  the  skin,  iohthyot  causes  Aight  irritation,  which  is  apparently  of 
b^efit  in  some  cutaneous  diseases,  and  it  has  therefore  been  used  extensively 
for  this  action.  A  certain  amount  of  absorption  occurs  when  it  is  mbbed 
into  the  akin,  for  the  sulphur  of  the  urine  has  been  found  to  be'  augmented. 
Taken  internally  in  large  quantities,  it  acta  as  a  gastric  and  intestinal  irri- 
tant and  produces  diarrhoea,  but  it  is  only  very  feebly  poisonons. 

Ichtbyol  haa  been  strongly  recommended  in  the  treatment  of  a  nomber  of 
skin  diseases,  including  erysipelas.  It  is  generally  nsed  as  an  ointment  con- 
taining eqnal  parts  of  ichtbyol  and  of  vaseline,  bnt  may  be  used  in  ten  per 
cent,  or  even  weaker  dilution.  Ichthyol  has  in  the  last  few  years  been  enUin- 
dastically  praised  as  a  remedy  in  the  most  diverse  conditions,  and  it  seems 
probable  that  its  sphere  of  utility  will  be  very  mnch  more  r^tricted  in  the 
future,  if  it  does  not  disappear  from  therapeutics  entirely. 

6.    Salicylic  Add. 

Salicylic  acid  differa  from  phenol  chiefly  in  being  very  much  less 
poisonous  to  the  higher  animals,  while  it  is  practically  of  equal  anti- 
Beptic  value,  provided  the  conditione  are  favorable.  The  salicylates 
produce  the  same  effects  as  the  free  acid,  excepting  that  they  are 
much  less  irritant  to  the  skin  and  mucous  membranes.  It  was 
formerly  stated  that  the  salicylate  of  soda,  which  is  the  only  salt  that 
has  been  largely  used,  was  devoid  of  antiseptic  action,  but  this  has 
been  shown  to  be  incorrect. 

Antiaaptic  Action. — Salicylic  acid  retards  the  digestion  of  proteins 
by  the  gaatric  and  pancreatic  juices,  and  the  decomposition  of  g^uco- 
sides  by  the  unorganized  ferments,  but  how  far  this  effect  is  due  to  the 
free  acid  and  how  far  to  a  specific  antiferment  action  cannot  he  defi- 
nitely stated.  The  putrefaction  of  protein  solutions  and  the  alcoholic 
and  acetic  acid  fermentations  are  also  retarded,  or  entirely  prevented 
by  the  presence  of  comparatively  small  quantities  of  salicylic  acid  or 
of  the  salicylates.  They  offer  some  points  of  contrast  with  carbolic 
acid,  however,  for  it  is  found  that  if  much  proteid  he  present  the 
salicylic  preparations  are  generally  less  efficient  than  phenol ;  this  is 
perhaps  due  to  the  phenol  being  volatile  and  therefore  penetrating 
more  readily  and  forming  less  stable  combinations  with  the  protein. 
Salicylic  acid,  on  the  other  hand,  does  not  evaporate  and  therefore 
preserves  bodies  which  are  exposed  to  the  air  for  a  longer  time  than 
carbolic  acid,  which  is  soon  dissipated.  These  considerations  may 
perhaps  explain  the  very  different  results  which  have  been  obtained 
by  different  observers  in  regard  to  the  comparative  germicidal  power 
of  these  substances.  The  movements  of  plant  protoplasm,  protozoa 
and  lencoeytes  are  prevented  by  salicylic  acid  as  by  quinine  and  the 
other  aromatic  antiseptics. 

foftant  AcUto. — Salicylic  acid  is  much  less  irritant  than  phenol, 
but  when  it  is  applied  for  some  time  as  a  powder  to  wounds,  mucous 
membranes,  or  even  the  skin,  it  may  induce  the  same  corrosion  and 
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necrosis  as  have  been  mentioned  under  carbolic  acid.  In  solntion  it 
has  a  destructive  action  on  the  homy  layer  of  the  epidermis,  which 
becomes  softened  and  easily  removed,  without  any  noticeable  irrita- 
tion having  been  induced.  It  sometimes  causes  soreness  and  irritation 
of  the  mouth  and  throat  when  swallowed  in  powder,  and  congestion 
and  even  erosion  of  the  mucous  membrane  of  the  stomach  have  been 
observed.  In  dilute  solution,  however,  the  acid  has  no  such  effect, 
and  even  comparatively  concentrated  solutions  of  the  salts  seem  almost 
devoid  of  corrosive  properties. 

Symptoms. — Salicylic  acid  and  its  salts  are  rapidly  absorbed  from 
the  stomach  and  intestine  and  as  a  general  rule  produce  no  symptoms, 
unless  when  given  in  very  large  doses.  Some  individuals,  however, 
are  peculiarly  sensitive  to  the  action  of  salicylic  acid,  and  in  these, 
comparatively  small  doses  are  followed  by  symptoms  which  are  gen- 
erally of  only  slight  importance,  but  which  are  sometimes  sufficiently 
grave  to  cause  anxiety,  and  in  very  rare  cases  have  been  followed  by 
death. 

The  ordinary  symptoms  are  a  feeling  of  heaviness  and  fulness  in 
the  head,  with  hissing  or  roaring  sounds  in  the  ears  exactly  resem- 
bling those  produced  by  quinine.  These  may  h©  followed  by  some 
confusion  and  dulness  and  by  indistinct  sight  and  hearing.  Very 
often  the  patient  complains  of  excessive  perspiration  and  a  sense  of 
warmth  all  over  the  body.  Dyspnoea,  marked  by  exceedin^y  deep 
and  labored  respiration,  has  been  noted  in  more  serious  cases  of  poi- 
soning, and  a  condition  of  collapse  with  slow,  weak  pulse,  subnormal 
temperature  and  partial  or  complete  unconsciousness  may  follow.  In 
others  delirium  and  hallucinations  of  sight  and  hearing  have  occurred, 
these  being  more  frequently  seen  in  chronic  alcoholic  patients  and  in 
cases  of  diabetes  than  under  other  conditions.  Albumin,  casts  and 
even  hEemoglobin  and  blood  in  the  urine  have  been  noted  as  sequelse. 
Various  forms  of  skin  eruptions  have  been  described  as  occurring 
under  the  use  of  salieyHc  acid,  sometimes  after  a  single  dose,  but 
much  more  frequently  after  prolonged  treatment.  They  resemble 
those  seen  under  the  antipyretics,  but  seem  to  be  less  frequently  elic- 
ited by  salicylic  acid.  Abortion  has  been  repeatedly  observed  under 
salicylate  treatment,  but  it  seems  open  to  question  whether  this  was 
due  to  the  remedy  or  to  the  disease,  HEemorrhages  from  the  uterus, 
nose,  mouth  and  intestine  have  also  been  credited  to  the  action  of  this 
drug.  Numerous  other  symptoms  have  been  noted  after  it,  but  so 
rarely  that  a  doubt  may  be  entertained  as  to  whether  they  were  not  due 
to  some  special  condition,  or  perhaps  to  some  impurity  in  the  drug. 

In  animals  salicylic  acid  injected  intravenously  causes  some  accel- 
eration of  the  pulse  and  respiration,  followed  by  slowness  and  weak- 
ness of  the  heart,  and  often  by  marked  dyspncea.  Depression  of  the 
central  nervous  system  is  shown  by  slowness,  weakness  and  incoordi- 
nation of  the  spontaneous  movements,  and  eventually  by  stupor  and 
arrest  of  the  respiration,  which  is  generally  preceded  by  con^sions. 
Photophobia  and  clonic  spasms  have  be«i  observed  in  some  dc^. 
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Hypenemia  of  the  kidnej,  liver,  brain  and  tympanum  are  sometimes 
found  at  the  autopay  on  dogs  poisoned  with  salicylic  acid,  and  when 
the  drug  has  been  given  in  powder,  congestion,  irritation  and  necrosis 
of  the  gastric  mncons  membrane.  This  irritation  of  the  stomach  often 
causes  vomiting  in  io^,  and  the  poison  being  thus  eliminated,  no 
further  symptoms  appear. 

In  the  frog  salicylic  acid  produces  quickened  respiration  and  in- 
creased reflexes,  followed  by  depression  of  the  spontaneous  movements, 
tremor  and  clonic  contractions.     The  heart  is  slow,  dilated  and  weak. 

The  symptoms  elicited  by  salicylic  acid  and  its  salts  are  therefore 
very  indefinite,  and  with  few  exceptions  occur  so  seldom  in  man  that 
they  may  be  discussed  very  shortly. 

The  Disorders  of  Houing  have  been  ascribed  to  congestion  of  the 
tympanum,  hut  may  perhaps  indicate  some  changes  in  the  nerve  cells 
of  the  ear  analogous  to  those  observed  under  quinine.  As  a  general 
rule  they  pass  off  in  the  course  of  a  few  hours  or  days,  but  they  some- 
times leave  a  more  or  less  permanent  impairment  of  the  sense  of  hear- 
ing. The  Dlameas  of  Sight,  sometimes  amounting  to  complete  blind- 
ness, is  due  to  vascular  or  retinal  changes  in  the  eye  (see  Quinine), 
and  some  disturbance  of  the  circulation  of  the  brain  and  head  may  be 
the  cause  of  the  dulnees  and  fulness  of  the  head  complained  of  and 
of  the  not  infrequent  epistaxis.  Maragliano  showed  by  plethysmo- 
graphic  measurements  that  the  VeSBoIs  of  tha  Skin  are  dilated  by  sali- 
cylic acid  in  the  same  way  as  by  the  antipyretics.  The  exact  mechanism 
by  which  these  alterations  in  the  distribution  of  the  blood  are  pro- 
duced, is  unknown,  but  the  most  probable  explanation  would  seem  to 
be  that  the  vaso-dilator  centres  in  the  medulla  controlling  these  areas 
are  excited. 

The  genial  BIood-PrMsim  is  found  to  be  increased  by  small  quan- 
tities of  the  salicylates  from  stimulation  of  the  vascMwnstrictor  centre, 
while  after  very  large  injections  into  the  blood  vessels,  the  pressure 
is  lowered,  partly  perhaps  from  depression  of  the  centre,  but  mainly 
from  the  cardiac  action  of  the  drug. 

Small  quantities  are  found  to  accelerate  the  Heart  in  animals  in  the 
same  way  as  small  doses  of  the  other  aromatic  bodies,  apparently 
from  direct  action  on  the  cardiac  muscle.  Very  large  doses  produce 
a  slow,  weak  and  dilated  heart,  and  a  corresponding  fall  in  the  blood* 
pressure. 

The  acceleration  of  the  Beapintlon  and  the  dyspnea  which  have 
been  noted  occasionally  in  man,  seem  to  be  due  to  some  central  action. 
In  animals  the  respiration  is  first  accelerated  to  some  extent,  and  then 
slowed,  apparently  from  the  respiratory  centre  being  first  excit«d 
and  then  depressed,  and  eventually  paralyzed  by  very  large  quan- 
tities of  the  drug.  Death  seems  to  be  due  to  this  paralysis,  die  heart 
continuing  to  beat  for  some  time  afterwards. 

The  effects  of  salicylic  acid  on  the  Oentral  Nervoiu  System  seem  to 
be  comparatively  slight,  except  in  eases  in  which  a  special  idiosyn- 
80 
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crasy  esiste.  No  such  eonvtilsive  action  as  occurs  under  others  of  the 
aromatic  series  has  been  observed  under  it  and  in  animals  there  seems 
no  marked  depression  sare  in  the  medulla  oblongata.  The  conrnl- 
sioDS  which  are  observed  before  death  are  probably  not  due  to  the 
direct  action  of  the  drug,  but  to  the  asphyxia.  In  the  medulla  oblon- 
gata the  respiratory  and  vaeo-con stricter  centres,  and  probably  the 
vaso-dilator,  seem  to  be  first  stimulated  and  then  depressed.  In  the 
frog  depression  and  paralysis  of  the  spinal  cord  are  produced  by 
large  doses. 

The  Panplration  which  bo  often  follows  the  administration  of  sali- 
cylic preparations  may  be  due  in  part  to  the  dilatation  of  the  skin  ves- 
sels, but  is  probably  to  be  ascribed  rather  to  increased  activity  of  the 
sweat  centres.  Some  of  the  Kin  Bashes  may  also  be  caused  by  the 
dilatation  of  the  cutaneous  vessels,  and  perhaps  in  all  cases  this  may 
be  looked  upon  as  a  favorable  condition,  which  leads  to  eruptions  in 
individuals  who  are  predisposed  to  them. 

The  peripheral  HnsclsB  and  Kerves  do  not  seem  to  be  more  affected 
by  salicylic  acid  than  by  the  other  members  of  the  series. 

Salicylic  acid  and  its  salts  increase  to  some  extent  the  8«cr«tion  of 
the  Urine,  probably  through  a  direct  action  on  the  renal  epithelium, 
although  the  increased  formation  of  urea  may  also  play  a  part  in  the 
slight  diuresis.  Irritation  of  the  kidney  and  nephritis  are  observed 
in  sfflne  cases,  with  the  appearance  of  albumin  and  blood  in  the  urine. 

The  salicylic  preparations  produce  a  slightly  augmented  flow  of 
Bil^  apparently  from  some  specific  action  on  the  liver  cells.  The  bile 
is  generally  more  dilute  than  normal,  the  fluid  increasing  more  than 
the  solids,  though  the  total  solid  excreted  is  augmented. 

Salicylates  have  been  said  to  lower  the  normal  Taapwatms,  but 
this  seems  to  be  erroneous,  except  when  very  large  quantities  produce 
a  condition  akin  to  collapse.  Some  of  the  results  may  also  be  due  to 
the  use  of  impure  preparations.  In  fever  patients,  however,  it  often 
causes  a  marked  fall  of  temperature,  and  it  was  formerly  used  as  an 
antipyretic  for  this  reason.  The  action  is  probably  explained  by  the 
dilatation  of  the  cutaneous  vessels  and  the  increase  in  the  output  of 
heat.  ( See  Antipyretics. )  Dilatation  of  the  skin  vessels  also  occurs  in 
normal  persons  after  salicylates,  but  this  is  probably  counterbalanced 
in  them  by  increased  beat  formation.  The  fall  in  temperature  after 
salicylic  acid  is  generally  less  in  extent  and  of  shorter  duration  than 
that  following  the  members  of  the  antipyrine  series. 

In  its  passage  through  the  tissues,  salicylic  acid  modifies  the 
Metalwlism,  as  is  shown  by  an  increase  of  10-12  per  cent,  in  the  nitro- 
gen and  sulphur  of  the  urine.  This  indicates  a  considerably  aug- 
mented decomposition  of  the  proteins  of  the  body,  but  whether  it  is 
accompanied  by  increased  oxidation  is  unknown.  A  still  more 
notable  augmentation  of  the  uric  acid  excreted  has  been  observed, 
different  authors  estimating  it  at  30-45  and  even  100  per  cent.  This 
occurs  also  in  animals  and  persons  on  a  purine-free  diet,  so  that  it  is 
obviously  due  to  changes  in  the  endogenous  purine  metabolism,  prob- 
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ably  arising  from  Balicylates  retarding  the  destruction  of  uric  acid  in 
the  tiesnee.  The  number  of  leucocytes  in  the  blood  has  been  found  to 
undergo  a  corresponding  increase. 

The  form  in  which  salicylic  acid  circulates  in  the  blood  was  for- 
merly the  subject  of  some  discussion,  owing  to  the  erroneous  belief 
that  its  aalts  were  devoid  of  antiseptic  action.  It  is  now  known  to 
exist  in  the  blood  as  the  salicylates  of  the  alkalies.  It  is  said  to  accu- 
mulate in  large  quantities  in  the  cavities  of  the  Joists,  being  taken 
up  from  the  blood  by  the  synovial  membranes  and  secreted-  into  the 
synovial  fluids;  this  has  probably  a  bearing  on  its  specific  action  in 
acute  rheumatic  fever.  It  is  Szcratod  by  the  kidneys,  for  the  most 
part  in  a  combination  with  glycocoll,  which  is  known  as  salicyluric 
acid,  and  which  is  strictly  analt^us  to  hippurie  acid.  Salicyluric 
acid  seems  practically  inert,  and  has  no  effect  in  acute  rheumatism. 
Some  of  the  salicylic  acid  is  excreted  ancombined.  It  appears  in  the 
urine  within  an  hour  of  its  administration  by  the  mouth  and  is  all 
eliminated  in  48  hours.  It  has  also  been  found  in  the  milk,  per- 
spiration and  bile,  but  does  not  appear  to  be  excreted  into  the 
stomach. 

Several  compounds  which  owe  their  virtues  to  the  salicylic  acid 
radicle  are  used  in  medicine,  and  all  produce  similar  results  aft«r 
absorption,  but  vary  in -their  local  action.  Hetb;l  Salicrllc  Ester, 
which  occurs  in  many  plants  and  forms  some  90  per  cent,  of  the  oil 
of  winter-green,  and  almost  the  whole  of  the  volatile  oil  of  birch, 
has  a  hot,  burning  taste,  and  like  other  volatile  oils  prodnces  a  feeling 
of  warmth  in  the  stomach.  In  many  cases  it  is  well  borne,  but  some 
patients  complain  of  pain  in  the  stomach,  loss  of  appetite  and  even 
nausea  and  vomiting.  It  is  rapidly  absorbed  and  produces  the 
characteristic  symptoms  of  salicylic  acid  in  large  doses,  roaring 
sounds  in  the  ears  and  more  or  less  deafness.  It  is  partly  excreted 
as  salicyluric  acid,  the  decomposition  probably  oecnrring  mainly  in 
the  intestine. 

Salol,  the  phenyl  salicylic  ester,  is  a  very  insoluble,  crystalline 
body,  which  has  little  or  no  local  action  in  the  mouth  or  stomach,  but 
is  decomposed  in  the  intestine  by  the  fat-splitting  ferment  of  the 
pancreatic  juice.  Some  decomposition  also  appears  to  occur  in  the 
stomach,  at  any  rate  under  certain  conditions.  The  products  of  its 
decomposition,  salicylic  and  carbolic  acids,  are  absorbed  and  produce 
their  usual  effects.  Salol  is  used  chiefly  as  a  substitute  for  salicylic 
acid,  but  the  formation  of  phenol  from  it  in  the  body  must  not  be 
overlooked,  for  in  several  cases  of  dangerous  poisoning  which  have 
been  observed  under  it,  the  symptoms  were  those  characteristic  of 
carbolic  acid,  and  the  urine  became  dark  in  color  from  the  phenol 
oxidation  products.  In  moderate  quantities,  salol  produces  the  dis- 
turbances of  hearing  observed  under  salicylic  acid,  without  any 
symptoms  of  carbolic  poisoning. 

Other  salicylic  acid  compounds,  similar  to  salol,  are  hetol  or  naph- 
ialol  (the  beta-naphtol  salicylate),  cresalol  (cresol  and  salicylic  acid). 
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thymaaalol  (from  thymol),  guaiacolsalol.  They  are  less  poionous 
than  ealol,  and  maj  be  used  for  moat  purposes  as  substitutes  for 
salicylic  acid,  but  are  less  active  antiseptics. 

Salidn,  a  glucoaide  found  in  many  species  of  villov  and  poplar,  is 
decomposed  into  salicylic  alcohol,  -which  is  oxidized  to  salicylic  acid 
in  the  body,  so  that  its  action  after  absorption  is  similar  to  that  of 
the  acid.  It  is  unknown  whether  the  decomposition  occurs  in  the 
alimentary  canal  or  in  the  tissues,  but  from  the  fact  that  it  is  excreted 
mainly  as  salicin  when  it  is  injected  intrarenoiisly,  it  would  seem 
probable  that  the  decomposition,  like  that  of  the  ordinary  esters, 
takes  place  chiefly  in  the  intestine.  It  is  very  bitter,  but  does  not 
irritate  the  mucous  membranes,  and  is  not  so  certain  in  its  action  as 
salicylic  acid  and  some  of  its  esters.  When  administered  by  the 
mouth  it  ia  excreted  in  the  urine  partly  as  salicin,  partly  as  saligenin 
or  salicyl  alcohol,  and  partly  as  salicylic  and  salicyluric  acids. 

Pee  pabationb, 

AciDUM  SiLiCTLicijM  (U.  S.  P.,  B.  P.),  salicylic  acid  (C^.OHCOOH), 
small,  white,  needle-like  crystals,  or  a  light  crystalline  powder,  odorless  with 
a  sweetish,  afterwards  acrid,  burning  taste,  slightly  soluble  in  water,  very 
soluble  in  alcohol  or  ether.  A  reddish  tinge  indicates  the  presence  of  car- 
bolic acid  or  other  impurities,  and  salicylic  acid  for  internal  use  ought  to  be 
eotirely  colorless.'  Salicylic  acid  is  much  more' soluble  in  solutions  of  neu- 
tral salts,  such  as  the  borates  or  citrates,  than  in  pore  water.  0.3-2  O.  (5-30 
^rs.).    It  is  generally  given  in  capsules  or  tablets. 

nnguentum  Addi  Salicylici  (B.  P.),  2  per  cent. 

Soon  Salicylas  (U.  S.  P.,  B.  P.),  sodium  salicylate  (C^.OHCOONa),  a 
white,  odorless  powder  with  a  sweetish  taste,  very  soluble  in  water,  lees  so 
in  alcohol.    0.&-2  G.   (10-30  grs.)  in  capsules  or  tablets,  or  dissolved  in 

Oleum  GauUheriie  (U.  8.  P.),  oil  of  wintergreen,  a  colorless  or  yellowish 
fluid  with  a  characteristic,  pleasant  odor  and  a  sweetish,  aromatic  taste,  Insol- 
uble in  water,  soluble  in  alcohol,  contains  90  per  cent,  of  methyl  salicylate. 
1  c.c.  (15  mins.)  in  emulsion  or  capsules. 

Oleum  Betvlre  (U.  S.  P.),  oil  of  sweet  birch. 

Methylis  Salicylas  {U.S. P.), artificial  oil  of  winte^reen  (C.H.OHCOOCH,), 
is  practically  identical  with  the  oil  of  sweet  birch  and  forms  90  per  cent,  of 
the  oil  of  wintergreen.  It  may  be  prescribed  in  the  same  doses  and  forms 
as  the  latter. 

Spiritus  GauUheria  (U.  S.  P.)  is  used  as  a  flavor  chiefly.    2  c.c.  (30  mins.). 

SaUcinum  (U.  S.  P.,  B.  P.),  salicin  (C^.O.OC^.CH.OH),  a  glucosJde 
obtained  from  several  species  of  willow  and  poplar,  consists  of  white,  silky, 
crystalline  needles,  with  a  very  bitter  taste,  soluble  in  28  parts  of  water.  It 
is  decomposed  by  ferments  into  glucose  and  saligenin  or  salicyl  alcohol 
(C^.OHCH,0H).  0.5-2  G.  (8-30  grs.)  or  more  every  3  or  4  hours,  given 
in  powder,  capsules  or  in  solution,  which,  however,  is  very  bitter. 

Salol  (B.  p.),  Phenyus  Salictlas  (U.  S.  P.),  phenyl  salicylate  (C^- 
OHCOOC.H,),  a  white  crystalline  powder,  odorless  or  faintly  aromatic,  almost 
tasteless,  almost  insoluble  in  water,  decomposed  by  the  pancreatic  juice  into 
salicylic  acid  and  phenol.     0.5-2  0.  (5-30  grs.)  in  powder  or  capsule, 

'  Salicylic  acid  formed  Byntbetically  from  phenol  is  often  said  to  bo  more  poi- 
aonoue  than  that  obtained  from  the  oil  of  wintergreen  (methyl  salicylate),  but  this 
ia  due,  not  to  any  diSercDce  in  the  acid,  but  to  the  preseDce  of  carbolic  acid  and 
other  impnritieB  in  the  artificial  preparatiou. 
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Aspirin  or  a«tylsalieylic  add  (C3,0— OC^.COOH)  is  very  slightly  sol- 
uble in  water  and  has  a  more  pleasant  acid  taste  than  salicylic  acid,  bnt  offers 
no  further  advantages  over  it.  It  is  decomposed  into  salicylic  acid  in  the 
intestine.  It  has  appeared  under  numerous  deagnations  of  late  years  and 
much  eza^«rated  claims  have  been  made  for  it  as  a  remedy  for  most  diverse 
conditions.    Dose,  2-3  G.  {3(M0  grs.). 

Thenpantic  Vaa. — Salicylic  acid  and  the  salicylate  of  soda  were  at 
one  time  ueed  to  a  considerable  extent  as  antiseptice  in  surgery,  and 
indeed  promised  to  supplant  carbolic  acid  for  this  purpose,  as  they 
were  less  irritating  and  also  less  poisonous.  They  have  been  lesa 
used  of  late  years,  and  although  bacteriolc^cal  experiment  has  shown 
that  the  acid  is  at  least  as  destructive  to  the  pyogenic  organisms  as 
carbolic  acid,  most  surgeons  find  it  less  satisfactory  in  practice.^ 

Salicylic  acid  is  occasionally  applied  locally  in  exceasive  sweating, 
and  has  also  been  ased  in  varioup  skin  afFftctiona  in  which  it  is  desir- 
able to  softj^n  rr  pn'-Hnlly  f^'Rpftlve  the  epidermis.     Both  acids  and 

S^ltS  are  absorbed  tfM>  ^apifily  tn  af±aa   iTifnatinQl   ili'BJTjfBiluntB 

In  1875  it  was  found  to  have  antipyretic  properties^and  for  a 
few  years  it  was  used  as  a  general  antipyretic  m  fever,  but  has  been 
entirely  supplanted  for  this  purpose  by  the  more  recently  discovered 
antipyrine  series.     It  was  also  suggested  as  a  substitute  for  quinine, 

but  has  no  "jwifip  nntinTi   fm   t.}|ft  tnalnriiil   firgflTiiaTTia 

The  diief  sphere  of  usefulness  of  salicylic  aei3  at  the  present  time 
is  in  the  treatment  of  acute  rheumatic  fpvpr^li  which  it  seems  to  have 
a  specific  action  only  excelled  bythat  of  quinine  in  malaria.  Other 
membeni  tit  llle  aromatic  series  have  some  efFect  in  this  condition,  but 
none  of  them  equal  the  salicylic  preparations  in  efficacy..  Under  this 
treatment  the  jwjti  pud  awplling  in  the  joints  rapidly  lessen,  the  tem- 
pecatnrq  nftj;n^lla.  and  the  course  of  tfee  disease  is  shortened.  TTis 
Ktill  debated  whether  the  salicylic  treatment  reduces  the  liability  to 
endocarditis  and  pericarditis,  which  are  common  compHcationB  of 
acute  rheumatic  fever ;  some  clinicians  even  state  that  it  increases  the 
risk  of  these  complications,  while  others  advise  the  discontinuance  of 
the  treatment  when  any  symptoms  arise  from  the  heart.  The  view 
more  generally  entertained,  however,  is  that  the  cardiac  affections  are 
less  often  met  with  and  are  less  seveire  under  salii^j^liu  heatlSent,  and 


very  often  it  is  C'^'nTtTir*'^  1n  llir'Hll  ')im'iiiiTmj  ^fuutrafi^ii  th»  »ajw  i 
undoubtedly  involved  in  the  disease.  The  remedy  sometimes  fails 
in  rheumatism,  as  quinine  does  "in  malaria,  and  it  sometimes  acts 
more  satisfactorily  in  one  joint  than  in  another.  Large  doses  (1-2 
G.  or  15-30  grs.)  repeated  every  2-3  hours  are  necessary  in  some 
cases  at  first,  the  quantity  being  reduced  as  the  symptoms  abate. 
Salicylic  acid  is  les?  ^-fi;ilf" ''y  "'""^  *Hr}  the  aalicvlata  of  Rodinm. 
Alkaline  carbonates  are  sometimes  recommended  along  with  the  sali- 
cylate, on  the  ground  that  they  promote  the  excretion  of  salicyluric 
'  Salicylic  acid  baa  been  used  very  largely  as  a  prsservative  in  wine  and  beer. 
No  evil  effects  have  been  deflnitely  ebown  to  folloir  the  prolonged  use  of  llqnon 
thus  treated,  but  it  is  not  impossible  that  they  may  be  injurious,  and  several  gov- 
'    have  found  it  advisable  to  prohibit  its  use  for  this  purpom. 
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acid  and  prevent  the  appearance  of  symptoma  of  poiaoning.  Oil  of 
wintergreen  may  also  be  used  here,  but,  like  salicylic  acid,  is  more 
liable  to  cause  gastric  irritation.  When  high  fever  is  present  the 
antipyretic  combinations  of  salicylic  acid,  8ucb  as  malakine,  may 
be  vsed  vith  advantage.  Salicin  is  less  disturbing  to  the  stomach 
than  the  other  preparations,  but  is  less  certain  in  its  effects  and  has 
to  be  given  in  larger  quantities. 
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In  other  acute  constitutional  diseases  accoBipaiiied  by  fever,  sali- 
cylate has  no  such  specific  action   ft9  In  aetlte  rhpumafip  fpvpr;   this 


L  the  lattf-  i*  Oft"  ""  *hp  cause  of  this  malady  with 
especial  piiwec^-or  perhaps  that  it  is  put  in  a  favorable  position  by 
being  secreted  into  the  joints  which  are  the  seat  of  the  infection. 
I  Salicylic  acid  has  also  been  used  in  the  various  forms  of  disease 
/which  are  rAii^ylily  Mnsaifipd  as  rheumatic — chronicrheumstism, 
I  arthritis,  neuralgia,  royalsia — but  ttie  "effects  areTess  sadsfactory 

UKimTTijip^ifA  T-hpiimflfi'aiTi  ' 

"^ijicylic  acid  in  some  cases  promotes  the  absorptio"  irf  f-ffiiainna 
into  the  serous  membranes,  suc^  as  the  pleura,  and  also  aubretinal 
effuylUli;  it  la  unknown  how  this  is  ettected,  but  it  scarcely  aeema 
protntble  that  the  slight  diuretic  action  of  the  drug  is  sufficient  to 
account  for  it. 

The  cholagi^ue  action  of  the  salicylates  is  quite  inconsiderable  in 
comparison  with  that  of  the  bile  itself,  and  in  any  case  in  which  an 
increase  of  the  bile  secretion  is  desirable,  recourse  should  be  had 
rather  to  the  letter.  It  has  recently  been  suggeated  by  £uhn  that  the 
salicylic  salts  excreted  in  the  bile  may  retard  the  growth  of  roicrobee 
and  thus  prove  of  value  in  the  treatment  of  liver  and  gall-bladder 
infections. 
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The  sfllubility  of  the  aftlievIateB  and  their  rapid  abaorption  pre-  \ 
dudes  their  use  as  iptcstinal  antiappti''a,  Ti"*-  anl"!  >'«''  >"^r  iT^j^ta  | 

IpgOTrpittrpfantimi   in  itn.  KinraT     nT»1   pypn  tf>  flP.t  JIp&D_tbe  baClllj  Of   I 

t^fi^TipYrr  nnd  fif  tiiburnlii  infrftiTig  th"  vnt^'iti nnl  walX  Kurna-  I 
gawa,  however,  states  that  the  putrefaction  in  thelraweTas  measured 
\>j  the  igdican  in  the  urine  iB  unchanged  hy  its  administration,  and 
he  found  enormous  numbers  of  Bacteria  in  the  fseces  afterwards.  It 
certainly  seems  of  little  value  in  typhoid  fever  or  in  tuberculosis  of 
the  intestine.  Intestinal  calculi  have  been  formed  in  a  few  instances 
frtSffi^rolonged  treatment  with  salol,  which  failed  to  be  decomposed 
in  the  intestine  and  formed  maases  of  considerable  aize. 

Salol  was  at  one  time  supposed  to  be  absorbed  only  after  its  decom- 
positioQ  in  the  intestine  by  the  pancreatic  juice,  and  Ewald  therefore 
su^ested  its  use  as  a  means  of  diagnosing  stenosis  of  the  pylorus. 
He  supposed  that  in  cases  in  which  the  food  was  delayed  or  prevented 
from  passing  into  the  intestine,  the  reaction  of  salicylic  acid  in  the 
urine  would  appear  correspondingly  late  or  be  entirely  absent.  But 
some  salol  seems  to  be  absorbed  from  the  stomach,  and,  on  the  other 
hand,  the  interval  between  its  administration  and  the  appearance  of 
the  salicylic  reaction  in  the  urine  is  so  variable  in  normal  individuals 
that  the  test  is  of  little  value.  Salol  baa  been  used  to  coat  pills  and 
prevent  their  solution  in  the  stomach.  " 

Salol  hftS  BOnie  VHlUe'as'a  genito-urinary  disinfectant,  partly  owing 
to  the  salicylic  acid  component  and  partly  to  the  phenol  developed. 

It  is  used  as  a  substitute  for  salicylic  acid  in  rheumatic  fever,  as- 
has  been  mentioned,  and  has  the  advantage  of  being  tasteless  and  of 
producing  no  irritation  in  the  stomach.  On  the  other  hand,  the  con- 
siderable amount  of  carbolic  acid  freed  by  its  decomixwition  has  given 
fi3$  TPT)uigimIiiK  in  MUille  cases.  Externally  it  is  of  little  or  no  value 
as  ^n  antiseptic,  as  it  is  only^ctive'when  Hecompoaed  bj  ihti  mimolwa 
whlcK  It  JH  AK^^^SHn  i^Pflti-ny. 

Salicin  is  used  as  a  substitute  for  salicylic  acid  only  in  rheumatic 
fever.     It  has  been  prescribed  aa  a  stomachic  bitter. 

SaliqyHc  preparatior'''  ^^f"  tr^  Vuf  iiap[j  Tgjth  nnrg  y^^p^■A  flny  a^nijv 
In  c 


^Ereeent.  In  cases  of  poisoning,  the  treat- 
ment is  determined  entirely  by  the  symptoms,  and  no  antidote  is 
known.  Glycocoll  has  been  suggested  for  the  same  reason  as  the 
sulphates  in  phenol  poisoning,  but  would  presumably  be  of  no  greater 
value. 

"M"ftth|y1  Hftlir-ylfttfl-  or  oil  of  wintergreen,  is  often  applied  locally  in 
muscular  and  artjiml'"'  rhpinimti^n),  it  beigg  supposed  that  larger 
quantities  thus  reat^h  the  foo.iin  nf  rliiaantt  tibnriTrhnHtiri  ilffig  is  taken 
by  lilt)  immtK  Absorption  certainly  ny^nm  t'ryvgh.th"  skin,  as  is 
proved  by  t£e  appearance  of  salicyluric  acid  in  the  urine.  But  iriita- 
tion  of  the  skin  ia  liable  to  be  excited,  and  the  value  of  the  salicylates 
is  doubtiui  in  these  diseases.  Mesotau,  or  methoxymethylsalicylate, 
has  been  introduced  aa  a  substitute  for  oil  of  wintergreen  in  external 
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treatmeiit,  but  lias  no  advantages  of  any  conseqaence  over  the  older 
drug. 
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Other  Aromatic  Oxj-aoids. 

The  two  iBomers  of  BaJicj'lic  acid,  meta-  and  para-oxybemoie  acid,  are  said 
to  be  almost  devoid  of  antiseptic  properties,  and,  although  some  doabt  may 
be  entertained  as  to  the  eorrectnesa  of  this  statement,  they  have  never  been 
used  in  medicine  except  experimentally. 

The  creBotinic  acide  resemble  salicylic  acid  in  their  effects,  and  the  para- 
cresotinate  of  soda  has  been  used  occasionally  as  an  antipyretic  and  substitute 
for  salicylic  acid.  The  metacreeotinate  is  very  much  less  active,  while  the 
orthocresotinate  possesses  a  dangerous  action  on  the  heart.  The  paracreso- 
tinate  is  somewhat  less  poisonous  than  salicylic  acid.  The  cresotoaic  acids 
are  found  as  imptuities  in  some  commercial  specimens  of  salicylic  acid,  but 
these  ought  not  to  be  used  for  internal  administration,  as  the  presence  of  the 
ortbocresotonic  acid  may  affect  the  heart. 

The  oIpAo-  and  beta-oxynapMoic  acids  are  possessed  of  antiseptic  proper- 
ties, which  are  said  to  be  somewhat  greater  than  those  of  carbolic  and  sali- 
cylic acids,  but  they  are  less  tolnble  in  water,  while  the  sodinm  salt  is  less 
antiseptic.  The  acids  are  irritant  and  produce  diarrhcea  and  symptoms 
similar  to  those  of  salicylic  acid.  Tbey  seem  to  be  at  least  as  poisonous  as 
carbolic  acid,  and  have  been  used  as  external  antiseptics  only  to  a  vn; 
limited  extent. 
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Sttlphocarbolates. 

The  snlpbon  group  lessens  the  toxicity  in  the  some  way  as  cari>ozyI,  and 
the  Bulphocarbolatea  or  para-pheQol-8ailphonate8  are  therefore  less  poisoaonB 
than  carbolic  acid.  The  sulphocarbolates  of  sodium  and  zinc  have  been  used 
Bs  external  antiseptics,  and  the  snlphocarbolate  of  sodium  baa  been  adminis- 
tered to  arrest  fermentation  in  the  stomach.  The  zinc  Bait  poseesses  some 
astringient  action  and  has  been  used  with  good  results  as  an  injection  in  gon- 
orrbtea.  The  sodium  salt  is  probably  excreted  in  the  urine  unchanged. 
Aseptol  or  sozolic  acid  is  a  33  per  cent,  solution  of  orthophenol-sulphonie 
acid  in  water  hut  very  often  contains  some  of  the  para-acid.  Of  the  three 
phenol-sulphonic  acids,  the  ortbo-  is  the  most  strongly  antiseptic  and  the 
para-  the  least  nseftd. 

Sodii  Sulphocarbolaa  (B,  P.),  Sodii  Phenolsulphonaa  (U,  8.  P.),  or  sodium 
para-phenol-Gulphonate  (C^.OHSO.ONa,  2H,0),  forms  colorless,  transpai^ 
ent  prisms,  witboat  odor,  and  with  a  saline  taste.  Soluble  in  5  parts  of  wat«r. 
0.3-1  G.  (5-15  grs.). 

Zmd  Sulphocarboiaa  (B.  P.)  (Zn(OHC^,SO,)^,0)  forms  colorless, 
transparent,  efflorescent  crystals,  which  are  very  soluble  in  water  and  in 
alcohol. 
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Benzoic  Acid, 

Benzoic  acid  possesges  almost  the  same  action  as  salicylic  acid  in 
the  body,  and,  like  it,  is  poisonous  only  in  comparatively  large  quan- 
tities. It  seems  to  be  equally,  or  according  to  some  olBervera,  more 
strongly  antiseptic,  and  like  salicylic  acid  irritates  the  mucouB  mem- 
branes, while  its  salts  are  practically  devoid  of  this  last  property. 
Benzoic  acid  is,  however,  apparently  less  stimulant  to  the  central 
nervous  system,-  and  the  characteristic  affections  of  the  bearing  and 
sight  have  not  been  observed  under  it. 

In  man  very  large  quantities  of  benzoic  acid  and  also  of  the  ben- 
zoate  of  soda  Bometimes  produce  nausea  and  vomitiug,  the  vomited 
matter  rarely  being  tinged  with  blood.  A  certain  sedative  action  on 
the  central  nervous  system  is  also  said  to  be  observed,  and  an  increased 
expectoration  of  mucus  is  produced  in  cases  of  bronchial  irritation. 
The  pulse  is  somewhat  accelerated. 

In  the  dog  tremors  and  convulsions  have  been  observed,  but  are 
generally  lees  marked  than  under  carbolic  acid.  Ataxia,  paresis  and 
eventually  complete  paralysis  of  the  fore  limbs,  and  later  of  the  hind 
limbs  and  trunk  follow,  the  temperature  falls,  and  death  occurs  from 
asphyxia.  The  heart  and  respiration  are  first  accelerated  and  then 
slowed,  from  a  direct  action  on  the  heart  and  on  the  respiratory  centre. 
Vomiting  occurs  when  the  acid  or  the  salts  are  given  by  the  mouth. 
Post-mortem  the  gastric  mucous  membrane  has  been  found  to  be 
eroded  and  ecchymosed,  even  when  the  salts  or  acid  have  been  injected 
subcutaneouely  or  intravenously,  so  that  the  benzoates  and  benzoic 
acid  would  seem  to  have  a  specific  action  on  the  gastric  mucona  mem- 
brane quite  apart  from  their  irritant  effects  when  applied  locally. 
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In  frogs  fibrillary  contractions  and  convulaiona  are  observed,  fol- 
lowed by  weakness  and  paralysie  of  the  spinal  cord.  Hfiemonhages 
have  also  been  found  in  the  stomaeh  when  the  dmg  was  injected  into 
a  lymph-sac. 

Benzoic  acid  (CgHaCOOH)  combines  with  glycocoll  in  the  body  to 
form  hippuric  acid  (CaHsCO— NHCH3COOH),  which  is  excreted 
in  the  urine.  Some  of  the  benzoic  acid  escapes  in  the  urine  un- 
changed, however,  the  proportion  of  hippuric  acid  formed  apparently 
varying  with  the  general  health  and  the  condition  of  the  kidueys,  and 
also  with  the  dose  administered.  After  large  doses  a  reducing  body 
has  been  observed  in  the  urine,  presumably  glycuronic  acid.  Traces 
of  benzoic  acid  are  found  in  the  saliva  of  the  dog  after  its  admin- 
istration, but  it  does  not  seem  to  be  excreted  here  in  man.  In 
birds  benzoic  acid  is  excreted  by  the  kidneys  as  omithuric  acid 
(CJ9H20N2O4),  from  which  benzoic  acid  can  be  split  off,  leaving 
omithin.  Benzoic  acid  often  increases  the  nitrogen  eliminated  in 
the  urine,  so  that  in  these  cases  it  augments  the  decomposition  of  the 
pToteids  like  salii^Iic  acid;  in  other  investigations  no  material  change 
has  been  observed,  probably  because  the  benzoic  acid  was  changed  too 
rapidly  to  hippuric  acid  to  admit  of  its  action  on  the  metabolism 
being  developed.  It  differs  from  salicylic  acid  in  reducing  the  uric 
acid  excretion.     Some  diuresis  occurs  after  benzoic  acid. 

Olnnamic  acid  (C,H(i— CH=OH— COOH)  seems  to  resemble  ben- 
zoic acid  in  its  pharmacological  characters,  but  has  not  been  so  care- 
fully examined.  It  increases  the  leucocytes  of  the  blood  and  the  uric 
acid  of  the  urine  to  a  marked  degree. 

PbeF  ABAT  lOKS. 

AorooK  Bbszoicum  (U.  S.  P.,  B.  P.)  (C,H,COOH),  benzdic  acid  or  fiowers 
or  benzoin,  is  prepared  from  benzoin  by  sublimation,  or  from  tolnol,  and 
conasts  of  white,  featberj  ciTstals,  almoet  odorleaB,  with  a  warm  acid  taste, 
very  insoluble  in  water,  soluble  in  alcohol,  ether,  fixed  and  volatile  oils  and 
in  alkaline  solutions.     0.3-1  O.  (5-15  gra.),  in  powder  or  pilL 

Troehisctu  Aeidi  Bentoici  (B.  P.),  each  contains  }  gr.  • 

SodU  Semoaa  (U.  S.  P.,  B.  P.),  eaaUy  soluble  in  water.  0.3-2  G.  (5-30 
gra.),  in  solution. 

Ammonii  Bemoaa  (U.  S.  P.,  B.  P.),  0.3-2  G.  {5-30  gie.). 

Benzoic  acid  is  also  contained  in  par^oric 

The  BalBanu  are  mixtures  of  resin,  volatile  oils,  benzoic  and  einnamlc 
acids  and  their  esters  and  small  quantities  of  other  aromatic  bodies. 

Betuoinum  {U.  S.  P.,  B.  P.),  benzoin,  a  balsam  obtained  from  Styrax  Ben- 
zoin and  probably  from  other  species,  varies  in  its  composition  with  its  place 
of  origin,  but  contains  much  less  einnamic  acid  than  the  other  balsams. 

Styrax  (U.  S.  P.),  or  storaz,  a  balsam  prepared  from  the  inner  bark  of 
Liquidambar  orientalis,  contains  resins,  einnamic  acid  and  its  esters. 

Tirutura  Bentoini  (U.  S.  P.],  1  c.c.  (15  mins.). 

TrscnmA.  Bekzoini  CouPOsrrA  (U.  S.  P.,  B.  P.)  contains,  in  addition  to 
benzoin,  storax,  aloes  and  babam  of  Tolu,  and  was  formerly  known  as  Bal- 
samum  Traumaticnm.  A  number  of  old  remedies  resembled  it  in  composition, 
such  as  Friar's  babam,  Turlington's  balsam,  Jesuits'  drops,  etc.  2-4  ce. 
(30mins.-2fl.  drs.). 
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Balsamuu  PEEDviANim  (U.  S.  P.,  B.  P.),  Balsam  of  Peru,  a  balsam 
obtained  from  Toluifera  Pereirw  (U.  S.  P.),  or  Myroiylon  Pereirw  (B.  P.), 
eontains  cinnamic  and  benzoic  acids  (traces)  and  their  esters,  and  reans. 
Applied  externally,  either  alone  or  in  alcoholic  solution.    1  c.c.  (15  mins.)- 

Balsamum  Tolutanum  {U.  S.  P.,  B.  P.),  Balsam  of  Totu,  a  balsam  obtained 
from  Toluifera  Balsamam  or  Mjrozylon  Toluifera,  resembles  balsam  of  Peru 
in  composition,  but  contains  more  benzoic  acid.     0.3-1  Q.  (5-15  grs.). 

Stbupos  Toldtands  (U.  S.  P.,  B.  P.),  4-16  c.c.  (1-4  fl.  drs.). 

riwrfuro  Tolutana  (U.  S.  P.,  B.  P.),  1-4  c.c.  (15-60  mina.). 

Therapsntlc  Uwa. — Benzoie  acid  and  its  sodium  salt  hare  been  sug- 
gested as  antiseptics  and  seem  to  be  quite  as  satisfactory  as  salicylic 
acid,  but  have  never  been  widely  employed.  Benzoin  and  the  balsam 
of  Peru  are  used  extensively  in  parasitic  skin  diseases,  especially  in 
scabies.  Internally  the  benzoates  have  been  employed  as  substitutes 
for  salicylic  acid  in  acute  rheumatism,  but  have  not  proved  efBcient. 
Sodium  benzoate  has  been  administered  as  an  intestinal  disinfectant 
and  as  an  antiseptic  and  slight  irritant  in  diseases  of  the  genito- 
urinary tract,  such  as  cystitis  and  gonorrhcea.  It  was  formerly  sup- 
posed tiiat  benzoic  acid  lessened  the  uric  acid  excretion  and  dissolved 
the  uric  acid  deposits  in  the  bladder  and  tissues  by  forming  hippuric 
acid,  but  this  is  now  recognized  to  be  erroneous,  and  the  treatment  of 
gout  and  other  diseases  based  on  this  theory  may  be  considered  obso- 
lete. Lithium  benzoate  is  a  survival  of  this  treatment,  lithium  being 
credited  with  special  solvent  properties. 

Benzoic  acid  is  still  uaed  as  an  ingredient  in  expectorant  mixtures, 
in  which,  however,  it  is  generally  prescribed  as  the  simple  or  com- 
pound tincture  of  benzoin,  or  as  one  of  the  Tolu  preparations.  It  is 
said  to  be  beneficial  in  cases  in  which  the  mucus  is  tenacious  and  is 
coughed  up  with  difficulty.  The  syrup  of  Tolu  may  be  regarded 
flimply  as  a  flavoring  ingredient,  for  it  contains  too  little  of  the 
balsam  to  have  any  other  effect 

Balsam  of  Peru  and  pure  cinnamic  aeid  have  been  administered  by  hypo- 
dennic  and  intravenous  injection  and  by  the  mouth  jn  pulmonary  tabercu- 
losis,  in  the  belief  that  they  would  induce  irritation,  inflammation  and 
subsequent  cicatrization  of  the  tubercular  nodules,  but  there  is  do  reason  to 
suppose  that  they  have  any  such  effect,  and  the  treatment  has  never  advanced 
beyond  the  experimental  stags. 

When  the  balsams  are  administered  in  large  quantities,  the  addition  of  an 
aeid  to  the  urine  is  foUowed  by  the  formation  of  an  abundant  precipitate  in 
some  cases,  and  this  has  given  rise  to  the  belief  that  they  tend  to  irritate  the 
kidneys.  The  precipitate  appears  to  be  not  albumin  but  the  resin  in  most 
eases,  however,  for  it  is  dissolved  by  the  addition  of  alcohoL 

BiBLIOOBAPHT. 

Kobert  u.  Behvlte.    Selimidt's  Jahrb.,  elxzxr.,  p.  18. 

SaOeoKtki.    festsehr.  f .  Leaden,  iu,  p.  25. 

C.  Virehow,     Ztachr,  f,  phys,  Chem.,  vi.,  p.  78. 

Stooiman.     Brit.  Med.  Jonm.,  18S0,  L,  p.  1305. 

Kumagava.     Virehoir'B  Arch.,  eiiiL,  p.  134. 

Brdutigam  «i.  Nowaek.    Ceutralbl.  f.  klin.  M«d.,  1689,  p.  400. 

Biohter  it.  Spiro.    Arofa.  t.  exp.  Path.  n.  Pbarm.,  xxxiv.,  p.  2S0. 

Wiener.    Ibid.,  xL,  p.  81S. 


Di.lzerb.GOOgle 


476         OSOAHIC  SUBSTANCES  ACTING  AFTBS  AB80BPTI0N. 

Prtftraw.    IbW.,  li.,  p.  372. 

Lmnandowils.    ZtKbr.  f.  klis.  Med.,  xL,  p.  20&. 

Vlrici.    Arch,  f .  eip.  Path,  n.  Phami.,  xItt,,  p.  881. 

Nitrobeiuol  Oompoiuids. 

The  nitrobenEol  bodies  are  chiefl;  of  interest  because  they  bave  often  given 
rise  to  poisoning  of  late  years  from  their  extensive  use  in  chemical  manu- 
factures and  to  flavor  alcoholic  liquors.  They  are  readily  absorbed  from  the 
akin  and  serious  symptoms  have  foUowed  the  wearing  of  clothing  dyed  with 
them.  In  man  nitrobenzol  causes  a  grayish-blue,  cyanotic  color  of  the  skin 
and  visible  mucous  membranes,  often  with  nausea,  vomiting,  great  muscular 
weakness,  maAed  dyspnoea,  delirium  and  some  convulsive  movementB  of  the 
face  and  jaws,  less  frequently  of  the  whole  body.  Total  unconsciousness  and 
coma  are  fallowed  by  arrest  of  the  respiration. 

These  effects  are  due  in  part  to  changes  in  the  blood,  in  part  to  central 
nervons  action,  in  which  stimulation  and  paralyms  seem  to  foUow  one  another. 
The  blood  is  found  of  a  chocolate-brown  color,  and  some  of  the  red  cells  are 
either  deformed  or  entirely  destroyed.  Examined  with  the  spectroscope^ 
mettuBmoglobin  is  very  often  found  in  it,  while  in  other  cases  an  absorption 
line  is  observed  between  the  yellow  and  the  red,  which  does  not  seem  to 
correspond  to  that  of  any  of  the  ordinary  htemoglobin  products,  and  has 
therefore  been  called  the  nitrobenzol-tuemoglobin  line.  The  blood  eontaina 
a  much  smaller  amount  of  oxygen  than  normally,  in  some  cases  only  one 
per  cent  instead  of  seventeen,  and  artificial  respiration  or  even  shaking  the 
blood  in  air  fails  to  oxidize  it  further,  as  the  combination  of  nitrobenzol  and 
hnnu^obin  seems  to  be  incapable  of  absorbing  oxygen.  Similar  changes 
may  be  produced  in  venous  blood  outside  the  body  by  shaking  it  with  nitro- 
benzol. These  changes  in  the  blood  are  the  cause  of  the  cyanosiB,  and  the 
imperfect  oxidation  of  the  tissues  leads  to  the  appearance  of  a  number  of 
abnormal  products  in  the  urine,  such  as  hnmatoporphyrin.  In  animals  a  gas- 
trointestinal catarrh  is  almost  constantly  produced  unless  the  intoxication 
is  very  acute,  and  this  occurs  even  when  the  poison  is  inhaled  or  injected 
subcutaneously. 

Hstadlnitlob«nzol  (CA(NO,),)  has  repeatedly  given  rise  to  poisoning  in 
the  manufacture  of  the  modem  explosives,  such  as  roburite  and  securite.  In 
action  it  resembles  nitrobenzol,  bat  is  more  poisonous,  and  the  gastric  symp- 
toms are  more  marked.  Amblyopia  and  a  jaundice-like  coloration  of  the 
skin  often  occur  from  prolonged  exposure  to  this  poison. 

Picric  Acid  (C,H,OH(NO,),)  is  an  irritant  to  the  skin  and  mucous  mem- 
branes, and  in  large  doses  causes  vomiting  and  often  anuria  and  strangury. 
A  characteristic  symptom  is  the  yellow,  icteric  color  of  the  skin  and  mucous 
membranes,  which  is  due,  not  to  true  jaundice,  but  to  the  staining  of  the 
epithelium  by  the  acid.  It  produces  tins  coloration  when  taken  internally, 
and  itching  is  often  complained  of,  and  some  eczema  or  erythema  has  be«i 
observed.  Violent  convulsions  occur  sometimes,  in  other  cases  collapse. 
The  urine  is  yellow  or  red,  and  contains  some  casts  but  little  or  no  albumin, 
and  no  bile,  the  absence  of  the  last  serving  to  diagnose  the  intoxication  from 
jaundice.  Picric  acid  tends  to  destroy  the  red  cells  of  the  blood  in  animals, 
but  no  marked  diminution  of  these  has  been  observed  in  man.  It  is  excreted 
as  picramic  acid  (C,H,OH-NH,{NO.),)  in  the  urine. 

BlBLIOORAPHT   OF  THE   AeOMATIC   IflTEO-BODIES. 
Starkow.     Vitchow's  Arch.,  lii.,  p.  464, 
Hay.     Practitioner,  ra,,  p.  326. 
Filehne.     Arch.  f.  exp.  Path.  u.  Phann.,  ix.,  p.  329. 
Leteitt.     Virehow's  Arch.,  Ixivi.,  p.  443. 
Stone.    Joor.  Amer.  Med.  An.,  Oct.  1, 1004. 
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BcJtroeder  n.  Strtusman.     ViertlJ.  t.  ger.  Ued.,  1891,  I.,  SuppL,  p.  138. 
Beak.     Cbarite  AnnaleD,  zrU.,  p.  667. 
Muiaer  u.  Palma.    ZU.  t.  Heilk.,  zv.,  p.  IS5. 
Svber.    Virehow'8  Arch.,  czxri,  p.  240. 

Haphtliylanune. 
Stem  has  observed  a  corioiia  and  almost  unique  eeries  of  eymptoms  after 
the  administration  of  several  hydrated  derivatives  of  ^-naphthylamine  to 
mammals.  The  most  interesting  of  these  were  dilatation  of  the  pupil  and  pro- 
tmsloii  of  the  eyeball,  and  a  very  marked  rise  in  the  temperature  amounting 
in  some  cases  to  ii'  C.  The  dilatation  of  the  pupil,  which  was  not  observed 
in  the  later  experiments  of  Fawcett  and  White,  is  ascribed  by  Stem  partly 
to  local  action  on  the  dilator  fibres  or  the  terminations  of  the  sympathetie 
nerves  in  the  iris,  but  mainly  to  some  central  stimulation.  The  rise  of  tem- 
perature is  produced  in  part  by  the  output  of  heat  being  lessened  throagb 
contraction  of  the  cntaneous  vessels,  in  part  by  increased  oxidation  in  the 
tissues  and  augmented  heat  production.  The  contraction  of  the  vessels  is  to 
be  attributed  chiefly  to  stimulation  of  the  vaso-motor  centres,  although  the 
dmg  seems  to  have  some  direct  effect  on  the  muscular  walls  of  the  vesseb 
also.  Cocaine  has  a  somewhat  similar  but  weaker  action,  but  the  naphthyl- 
amine  eompounds  do  not  produce  local  ansssthesia. 

BiBLIOQBAPHT. 
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Tolnylendiatnine. 
Toluylendiamine  (CACH,(NH,),)  has  never  been  used  in  therapeutics, 
but  it  is  of  importance  from  the  li^t  which  it  has  thrown  on  some  forms  of 
jaundice.  Stadelmann  found  that  its  administration  in  dogs  produced  the 
typical  symptoms  of  icterus,  while  in  cats  the  ictems  was  less  marked,  but 
very  large  quantities  of  hemoglobin  were  excreted  in  the  urine.  The  expla- 
nation of  this  action  is  the  destruction  of  the  red  cells  in  the  blood,  which 
leads  in  the  dog  to  the  formation  of  large  amounts  of  bile  pigments  in  the 
liver.  Some  of  this  pigment  is  reabsorbed  from  the  bile  vessels  and  leads  to 
typical  jaundice.  The  absorption  is  promoted  by  a  curious  increase  in  the 
mucus  secretion  of  the  bile  ducts,  which  renders  the  bile  more  viscous,  and 
by  thus  delaying  its  evacuation  into  the  intestine  favors  its  absorption  into 
the  blood.  This  increased  mucus  formation  is  believed  to  be  due  to  the 
action  of  the  poison  on  the  secretory  cells  of  the  larger  bile  ducts.  The 
formation  of  bile  pigment  from  hemoglobin  liberates  large  quantities  of  iron, 
which  seems  to  be  stored  in  the  liver,  spleen  and  bone  marrow.  In  the  cat 
the  luemoglobin  is  not  so  laigely  formed  into  bile  pigment,  but  escapes  in 
the  mine.    In  both  animals  some  methsmoglobin  is  probably. formed.' 

BlBUOOBAPHT. 
Stadelmann.     Areh,  1.  eip.  Path.  u.  FhBnD.,xiT.,pp.  231  and  422[  zziii., p. 4ST. 
Engel  u.  Eiener.     CampteB  rend,  de  1  'Aead.,  ct.,  p.  466. 
Mohrberg.     Arb.  a.  d.  pbarm.  Inst,  zu  Borpat,  vtij.,  p.  20. 

Benzol. 

Benzol,  or  benzene,  is  much  less  poisonous  than  its  hydroxyl  eomponnds, 
but  may  give  rise  to  symptoms  resembling  those  of  phenol  when  it  is  inhaled 
in  lai^  quantities.    It  was  at  one  time  suggested  as  a  general  anssthetio, 

*  A  somewhat  -aimilBT  action  follows  the  administratioii  of  CephaUmthin,  the 
active  principle  of  Cephalanthns  oeeidentalis.  Button -biuh  or  Swamp  dogwood 
{Uohrberg). 
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but  the  preliminaiy  excitement  ia  verj  much  greater  than  that  seen  in  the 
use  of  chloroform  or  ether,  and  partakes  much  more  of  a  convulsive  character. 
Even  after  anconBciouaneB&  and  anrastbesia  is  attained,  the  characteristic 
muscular  tremor  of  the  aromatic  compounds  continues.  In  some  BnimiilH  it 
produces  violent  and  prolonged  convulsions,  with  only  partial  loss  of  sensa- 
tion, and  even  large  quantities  do  not  cause  the  complete  relaxation  of  the 
muscles  requisite  for  sut^cal  operation.  It  seems  to  have  little  or  no  irri- 
tant action  on  the  alimentary  canal  or  kidneys  in  animals,  and  is  excreted 
in  part  by  the  kidneys  as  phenol  double  sulphate,  in  part  unchanged  by  the 
lungs.  1 

SantessoQ  states  that  hemorrhages  occur  very  frequently  in  fatal  poison- 
ing in  man,  and  found  the  same  r^nlt  in  experiments  on  rabbits;  he  ascribes 
it  to  fatty  degeneration  of  the  arterial  walla,  which  was  well-marked  in  meet 
of  his  experiments.  A  number  of  cases  of  fatal  intoxication  are  on  record, 
some  of  them  arising  from  the  drug  being  swallowed  by  suicides,  but  most  of 
them  from  the  accidental  inhalation  of  large  quantities  in  india-rubber  fac- 
tories. Aninmla  exposed  to  benzol  vapor  do  not  seem  to  absorb  enough  to  be 
seriously  poisoned,  but  when  it  is  injected  subcutaneously  or  applied  over  a 
large  skin  area,  it  proves  fatal  to  them.  The  benzol  of  the  B.  P.  contuns 
toluene  and  is  used  only  for  pharmaceutical  purposes. 

BlBLIOGHAPHT. 


Pyoctanine. 

Several  of  the  dyes  derived  from  aniline  are  used  to  stain  pathogenic  germs 
and  to  differentiate  them  from  each  other.  This  su^estod  to  Fensoldt  the 
idea  that  these  bodies,  having  a  distinctly  greater  afllnity  for  the  microorgan- 
isms than  for  the  tissues  surrounding  them,  might  be  used  as  antiseptics  or 
disinfectants,  and  Stilling  introduced  several  of  them  into  therapeutie  use 
under  the  name  of  pyoctanines.  Some  of  these  dyes  have  been  found  to 
have  a  certain  antiseptic  action,  but  the  hopes  that  were  formerly  entertained 
as  to  their  specific  action  have  proved  delusive,  and  their  use  in  medicine 
(chromotherapentics)  is  now  very  limited,  and  promises  to  fall  into  oblivion. 

Metht/lthioniruE  HydrocMoridum  (U.  S.  P.),  methylene  bine,  a  dark  green 
powder,  readily  soluble  in  water  and  alcohol,  forming  a  deep  blue  solution. 
Dose,  0.25  G.  (4  grs.). 

Tinr     rOEMAIiDBHYDB. 

It  has  recently  been  shown  by  numerouB  inveetigatora  that  formal- 
dehyde (HCOH),  the  aldehyde  derived  from  the  oxidation  of  methyl 
alcohol,  is  a  very  powerful  germicide,  while  it  is  not  very  dangerous 
to  the  higher  animals.  The  aldehyde  is  a  colorless  gas  and  has  been 
used  either  in  solution  in  water  (formaline)  or  as  a  vapor.  As  a 
germicide  it  is  estimated  to  be  equally  efficient  with  corrosive  subli- 
mate, and  its  volatility  enables  it  to  penetrate  much  more  rapidly,  so 
that  it  may  he  used  for  purposes  for  which  the  latter  is  unsuitable. 
On  the  other  hand,  its  volatility  and  irritant  action  preclude  its  use 
as  an  antiseptic  to  prevent  the  growth  of  microbes  in  wounds. 

Action. — The  vapor  is  very  irritant  when  inhaled,  causing  stinging 
and  prickling  in  the  nose  and  throat,  salivation  and  tears,  and  bron- 
chial irritation  and  catarrh.     In  the  few  cases  of  poisoning  in  man 
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recorded  the  Bjmptoms  were  those  of  gastric  irritation  and  consequent 
collapse.  When  swallowed  by  animals  the  wateiy  solution  produces 
nausea  and  vomiting,  which  are  followed  by  narcosis,  coma,  and  in 
the  rabbit  by  convulsions  and  opisthotonos.  The  respiration  in  the 
dog  is  very  greatly  accelerated  some  time  before  death,  while  in  the 
rabbit  this  is  not  so  marked  or  is  entirely  absent.  The  blood-pressure 
ia  increased  at  first  and  the  heart  is  slow,  presumably  from  direct  or 
indirect  stimulation  of  the  medullary  centres.  The  formaldehyde 
absorbed  undergoes  complete  oxidation  in  the  tissues  and  none  of  it 
reappears  in  the  excretions.  The  symptoms  induced  in  animals  by 
formaldehyde  are  for  the  moat  part  due  to  the  intense  local  irritation 
and  inflammation,  but  in  addition  a  specific  destructive  effect  has 
been  observed  in  the  liver  and  kidney  (Fischer),  In  the  blood  it 
induces  alteration  in  the  form  of  the  red  cells  and  hsematin  appears. 
The  powerful  action  of  formaldehyde  on  microbes  and  on  mucous 
membranes  is  believed  by  Loew  to  be  due  to  its  combining  with  the 
amino  groups  in  the  proteins,  and  as  a  matter  of  fact,  s  number  of 
changes  have  been  described  in  the  reaction  of  proteins  exposed  to 
formaline.  For  example,  egg  albumin  and  serum  to  which  formal- 
dehyde solution  has  been  added  are  not  precipitated  by  heat  and  are 
less  easily  digested  by  ferments,  while  casein  is  not  coagulated  by  the 
rennet  ferment.  Some  of  the  ferments  (pepsin  and  diastase)  are  not 
affected  by  small  amounts  of  formaldehyde,  while  trypsin  and  papain 
lose  their  activity  wholly  or  in  part. 

Peeparations. 

LiQUOH  FoRUALDEHYDi  (TT.  S.  P.),  formalin,  a  solution  of  formaldehyde 
in  water  containing  not  lees  than  37  per  cent,  of  the  gas,  which  may  be 
obtained  from  it  by  distillation, 

Paraform,  a  solid  polymer  of  formaldehyde,  which  is  decomposed  by  heat 
and  liberates  the  formaldehyde  in  gaseoos  form. 

Some  f  onnaldehyde  may  be  f  oimed  by  the  incomplete  combustion  of  methyl 
alcohol,  and  several  lamps  have  been  devised  with  this  object  in  view,  bat  have 
not  proved  satisfactory. 

Uset. — Formaldehyde  is  too  irritant  to  admit  of  its  use  as  an  anti- 
septic in  medicine  and  surgery,  but  it  has  been  largely  employed  to 
disinfect  instruments,  furniture,  clothes  and  rooms,  which  cannot  be 
sterilized  by  heat.  Diluted  formaline  (4  per  cent.)  may  be  used  for 
some  of  these  purposes,  or  the  vapor  may  be  disengaged  by  distillation 
from  formaline  or  by  heating  paraform.  Large  rooms  filled  with 
formaline  vapor  and  left  for  some  hours  are  found  to  be  almost  com- 
pletely sterilized,  so  that  cultures  of  the  pathogenic  microbes  exposed 
in  them  cease  to  grow  even  when  removed  from  the  atmosphere. 
Novy  makes  the  room  to  be  disinfected  as  nearly  air-tigbt  as  possible 
and  distils  the  formaldehyde  into  it  through  the  key-hole  of  the  door. 
He  states  that  the  gas  disengaged  from  150  c.c.  (5  oz.)  of  40  per  cent, 
formaline  is  sufficient  for  each  1000  cubic  feet  of  apace,  if  the  room 
be  closed  for  10  hours.     The  odor  of  formaline  may  then  be  ronoved 
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hj  sprinkling  anunonia  solutioD  with  which  it  forms  a  solid  combina- 
tion. Fonnaldehyde  not  only  deatroys  the  microbes,  but  also  alters 
tiie  tozins  formed  by  them  so  that  they  are  no  longer  poisonous,  even 
in  very  large  quantities. 

Fonnaldehyde  has  frequently  been  added  to  food,  especially  to 
milk,  as  a  preservative.  Tunnicliffe  and  Roeenheim  found  that  added 
to  milk  in  the  proportion  of  one  to  &ve  thousand,  formaldehyde  did 
not  seem  to  be  deleterious  to  healthy  children,  hut  in  the  case  of  a 
weakly  child  the  pioteid  waete  was  increased,  and  it  is  certainly  not 
to  be  regarded  as  a  harmleBs  method  of  preserving  food. 

Fonnaldehyde  is  not  alone  in  its  germicidal  action,  although  it  ia  much 
more  powerfid  than  the  other  less  volatile  and  less  active  aldehydes,  such  as 
acetaldehyde. 

Urotropine. 

0rotropine,  or  bexamethyIenBmine((CH2)8N4),has  no  important 
action  itself,  but  is  of  interest  from  its  liberating  formaldehyde  in 
the  course  of  its  excretion  in  the  urine ;  the  formaldehyde  thus  formed 
acts  as  a  disinfectant  or  antiseptic  in  the  urinary  passages.  It  seems 
superior  to  any  other  urinary  antiseptic,  microbes  in  the  urine  de- 
creasing in  number  or  sometimes  disappearing  altogether  within  a 
few  hours  of  its  administration.  Formaldehyde  also  appears  in  the 
bile  and  pancreatic  juice,  when  urotropine  has  been  administered, 
and  this  has  suggested  its  use  in  gall-bladder  infections.  No  symp- 
toms arise  from  ordinary  doses  of  urotropine,  but  large  quantities 
have  occasionally  given  rise  to  pain  and  discomfort  in  the  bladder, 
and  more  rarely  to  heematurla.  Formaldehyde  forma  some  soluble 
combinations  with  uric  acid,  and  this  suggested  the  use  of  urotropine 
in  gravel,  calculus,  gout,  and  similar  conditions,  but  the  results  have 
been  disappointing. 

Hexamethtlehamina  (TT.  S.  P.),  Ukoteopihb  ((CHa)BN4),  is 
a  white  crystalline  powder,  very  soluble  in  water.  Dose,  0.3-0.6  G. 
(3-10  grs,),  to  be  taken  in  a  glass  of  water. 

Urotropine  is  used  in  cystitis  and  urethritis  and  to  destroy  typhoid 
bacilli  in  cases  in  which  they  are  eliminated  by  the  kidney.  It  may 
also  be  given  as  a  prophylactic  before  a  cathet^  is  passed. 

Kumerons  componnds  of  nrotropine  have  been  introduced  of  late  years  by 
rival  manufacturers,  but  none  of  these  has  proved  equal  to  the  original  drag. 
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PART  m. 

COMBINATIONS  OF  THE  ALKALIES,  ALKALINE 
EARTHS,  ACIDS  AND  ALLIED  BODIES. 

SALT-AOTION. 

Ths  action  of  most  of  the  substances  discoBsed  in  the  foregoing 
pages  may  be  best  explained  bj  supposing  that  they  cause  some  chaDge 
in  the  living  matter  of  one  or  more  organs  through  some  specific 
affinity  for  it.  Thus  strychnine  may  be  supposed  to  act  on  the  spinal 
cord  by  forming  some  loose  combination  with  the  protoplasm  of  the 
nerve  cells,  while  prussic  acid  changes  protoplasm  generally,  through 
a  similar  afl5nity  for  it. 

Some  bodies,  on  the  other  hand,  seem  to  have  little  specific  affinity 
for  living  matter,  but  affect  it  largely  as  tbey  do  dead  colloid  sub- 
stances, through  ^^inngJTig  tlig  ptiypipitl  properties  of  the  fluids  con- 
tainedjnJt-oc^rroundipg  it.  This  action  ia  seen  best  in  the  ettects 
of  some  of  the  salts  ofthe  altalies,  and  ia  therefore  tnown  as  "en- 
action," although  it  is  not  confined  to  these,  but  is  shared  by  any 
soIuBle,  diffusible  body  which  can  circulate  in  the  tissues  in  sufficient 
quantity.  The  salts  of  strychnine  or  of  prussic  acid  are  undoubtedly 
capable  of  inducing  physical  changes  similar  to  those  observed  after 
chloride  of  sodium,  but  tbey  play  no  part  in  the  symptoms  induced 
by  these  poisons,  because  animals  die  from  the  specific  action  long 
before  the  quantity  necessary  to  induce  the  "salt-action"  can  be 
absorbed.  In  the  case  of  less  poisonous  organic  substances,  such  as 
sugar  and  urea,  however,  many  of  the  features  of  salt^ction  may 
be  observed. 

Much  light  has  been  thrown  on  the  nature  of  salt-action  by  the 
recent  advances  in  physical  chemistry,  which  have  shown  that  many 
of  the  changes  in  the  animal  body  are  analogous  to  those  observed  in 
the  chemical  laboratory.  When  an  aqueous  solution  of  sugar  or  salt 
is  carefully  poured  on  distilled  water,  so  that  two  layers  are  formed, 
a  process  of  Dliftuloii  commences,  the  dissolved  molecules  passing 
throughout  the  fluid  until  the  whole  becomes  homi^neous,  each  cubio 
centimetre  containing  an  equal  number  of  molecules  of  sugar  or  salt. 
If  instead  of  distilled  water,  a  solution  of  another  salt  be  used,  the 
same  process  results,  tiie  two  bodies  diffusing  throughout  both  fluids 
until  these  become  homogeneous ;  and  if  the  fluids  be  separated  by  a 
membrane  which  offers  no  obstacle  to  the  penetration  of  &e  water  and 
salts,  a  similar  interchange  occurs.  When  a  membrane  is  nsed  which 
does  not  allow  the  salt  to  pass  through  it,  a  different  result  is  observed ; 
if  it  separates  salt  solution  from  pure  water,  the  latter  passes  through 
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until  it  is  exhausted,  or  until  some  factor  such  as  hydrostatic  pressure 
pate  a  limit  to  further  movement.  This  is  readily  intelligible,  for 
the  pure  water  can  pass  without  hindrance  towards  the  salt,  but 
having  rendered  the  solution  more  dilute,  it  cannot  diffuse  in  the 
opposite  direction,  because  this  would  be  equivalent  to  forming  a  more 
concentrated  solution  of  the  salt,  and  this  requires  the  expenditure  of 
energy,  such  as  heat,  while  in  the  case  in  point  there  is  no  enei^ 
available  for  this  purpose.  A  similar  result  is  obtained  if  the  mem- 
brane separate  solutions  of  a  non-permeating  and  of  a  permeating 
salt,  the  latter  passing  through  with  the  fluid  in  which  it  is  dissolved 
until  some  extraneous  factor  counterbalances  the  diffusion. 

The  resistance  offered  by  a  non-permeating  salt  to  the  passage 
through  the  membrane  of  the  fluid  in  which  it  is  dissolved  is  known 
n«  *hp  Osmotic  FresnirB  of  the  solution  and  varies  with  the  number  of 
molecules  and  iouB  (see  page  486).  When  both  the  salts  in  solution 
on  the  opposite  sides  of  the  membrane  are  unable  to  penetrate  through 
it,  the  movement  of  the  fluid  is  determined  by  the  relative  osmotic 
pressure  on  the  two  sides,  water  tending  to  pass  from  the  solution 
with  the  lower  osmotic  pressure  (the  hypotonic  solution)  to  that  with 
the  higher  {hypertonic)  until  an  equilibrium  is  established  by  the 
osmotic  pressure  becoming  equal  on  the  two  sides,  when  the  solutions 
are  said  to  be  isotonic.  As  a  general  rule,  however,  membranes  are 
partially  permeable  to  both  salts,  and  the  movement  of  the  fluid  is 
determined  by  the  relative  osmotic  pressure  of  the  fluids  divided  by 
the  rate  at  which  the  salts  pass  through  the  membrane.  If  suflicient 
time  is  allowed  to  elapse,  the  two  solutions  will  become  identical  in 
composition,  but  during  a  short  period  the  details  of  the  process  are 
difficult  to  follow,  and  the  complexity  is  infinitely  greater  when  in- 
stead of  a  single  salt  on  each  side  of  the  membrane  there  are  several 
salts,  each  differing  in  its  permeability  and  concentration.  The  direc- 
tion of  the  flow  is  thus  determined  by  the  sum  of  the  osmotic  pressure 
on  each  side  divided  by  the  penetrating  power  of  each  individual 
substance. 

In  the  animal  body  such  membranes  as  are  used  in  physical  experi- 
ments are  not  met  with,  hut  the  cells  consist  of  colloid  substances 
containing  fluid  and  diffusible  bodies,  and  are  surrounded  by  liquids 
which  are  practically  salt  solutions  isotonic  with  the  contents  of  the 
cells ;  any  change  in  the  contents  of  a  cell  or  in  the  lymph  surrounding 
it  must  of  necessity  give  rise  to  a  certain  movement  of  the  fluids  in 
the  same  way  as  if  each  cell  were  surrounded  by  a  membrane.  All 
the  cells  of  the  body  are  permeable  by  water,  and  a  dilution  of  the 
fluids  surrounding  diem  is  therefore  followed  by  an  increase  in  their 
fluid  contents  and  swelling.  On  the  other  hand,  some  salts  seem  to 
diffuse  into  cells  practically  without  resistance,  while  others  fail 
altc^ther  to  do  so,  or  penetrate  only  very  slowly.  The  subject  has 
been  investigated  with  most  care  in  the  red  blood  cells,  which  are 
found  to  be  penetrated  by  ammonium  chloride  and  some  other  salts, 
I  while  they  are  impermeable  by  sodium  chloride  and  the  other  salts 
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of  the  fixed  alkalies.  Accordiogly,  when  the  red  blood  cells  are  sur- 
ronnded  by  a  eolution  of  ammonimn  chloride,  whatever  its  concen- 
tration, their  fluid  contents  are  increased ;  they  swell  up  and  event- 
ually lose  their  hfemoglobin,  exactly  as  if  they  had  been  placed  in 
pure  water.  When  they  are  placed  in  an  ieotonic  solution  of  chloride 
of  sodium,'  they  remain  unchanged  in  size,  while  in  a  hypertonic 
solntion  their  fluid  diffuses  out,  and  they  shrink ;  a  hypotonic  solution 
acts  like  pure  water,  the  osmotic  pressure  of  the  salts  in  the  corpus- 
cles overcoming  the  smaller  osmotic  pressure  of  the  surrounding  fluid. 
The  behavior  of  a  cell  towards  salts  therefore  varies  with  each  indi- 
vidual salt.  Solutions  of  those  by  which  it  is  perfectly  permeable 
have  the  same  effects  as  pure  water ;  but  the  less  diffusible  the  salt, 
the  more  tendency  it  has  to  prevent  the  entrance  of  the  water  in  which 
it  is  dissolved,  and  if  in  sufficient  concentration,  to  withdraw  fluid 
from  the  cell.  A  perfectly  diffusible  substance  can  never  prevent  the 
entrance  of  fluid,  however  concentrated  be  itB  solution. 

All  the  cells  of  the  body  do  not  resemble  each  other  in  their  per- 
meability, nor  in  the  salts  which  diffuse  into  them.  For  example, 
the  intestinal  epithelium  takes  up  some  of  the  salts  of  the  alkalies, 
while  the  red  blood  cells  do  not. 

An  even  more  obscure  relation  between  the  salts  and  colloids  has 
been  discovered  by  Hofmeister,  who  found  that  gelatin  plates  thrown 
into  weak  salt  solutions  absorb  more  fluid  than  when  they  are  put  in 
distilled  water,  and  who  inferred  from  this  that  colloid  substances 
have  a  special  affinity  for  salts  quite  apart  from  their  permeability  by 
water,  and  that  they  are  not  merely  passively  permeated  by  salt  solu- 
tions, but  have  an  active  attraction  for  some  of  the  salts  contained  in  i 
them.  This  affinity,  which  may  depend  on  the  same  factor  as  the  ' 
permeability  of  the  cell,  varies  for  different  salts. 

The  role  played  by  the  physical  forces  in  the  salt-action  Is  thus  determined  t 
□ot  only  by  the  physical  properties  of  the  fliuds,  but  also  by  the  "  affinity  "  I 
of  the  cell  contents  for  certain  of  the  constituents  of  these  fluids.  In  con- 
elusion  it  may  be  stated  that  these  physical  forces  are  not  sufficient  to  explain 
the  whole  processes  of  absorption  and  excretion,  as  has  sometimes  been  stated; 
the  physical  forces  merely  influence  the  processes  of  nutrition,  which  depend 
on  forces  hitherto  unexplained  and  possibly  exercised  only  by  the  living 
protoplasm. 

The  penetrating  power  of  salts  seems  to  be  connected  with  the  property 
which  many  of  them  poBsesa  of  precipitating  certain  colloid  substances  from 
their  solutions  in  water,  for  those  salts  which  permeate  gelatin  plates  are 
found  to  precipitate  colloids  less  than  others.  Thus  the  sulphates  of  the  alka- 
lies, which  permeate  gelatin  plates  with  difficulty,  throw  globulins  out  of 
solution  much  more  readily  than  the  chlorides.  Here  again,  however,  dif- 
ferent colloids  vary  in  their  affinities,  some  reacting  to  one  sulphate  and  not 
to  another.  This  reaction  is  not  confined  to  the  proteins  but  extends  to  many 
other  colloid  substances. 

'  An  isotonic  solution  is  here  nsed  to  indicate  a  •olatian  in  which  the  oamotie 
preranre  is  equal  to  that  of  the  blood  jKram,  and  (preHoinably]  to  that  of  the  eon- 
terta  of  the  red  blood  eella. 
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In  the  dilute  solutions  found  in  the  tissues,  the  salts  do  not  exist  as 
/  euch,  but  are  largely  dissociated  into  two  or  more  lou  charged  with 
positive  and  negative  electricity.  Thus  if  a  BmaU  quantity  of  potassic 
chloride  be  dissolved  in  water,  it  is  dissociated  into  a  positive  E  ion 
(Kation)  and  a  negative  CI  ion  (Anion).*  Similarly  sodium  sul- 
phate dissolved  in  water  exists  as  two  Na  ions  and  a  negative  SO^ 
ion.  One  eflect  of  this  is  that  the  osmotic  pressure  of  such  a  dilate 
solution  diverges  considerably  from  what  might  be  expected  if  it 
were  calculated  from  the  number  of  molecules  present,  because  ea^ 
of  the  ions  exerts  the^same  osmotic  pressure  as  a  whole  moleeu^. 
» I  rtut  a  more  importam  fact  is  tbat  tbe  ions  of  a  salt,  anit'mrtr^ewhole 
\|  molecule,  form  chemical  combinations,  and  thus  exert  their  pharma- 
icological  action.  Thus  what  is  known  as  the  action  of  many  poisons 
lis  really  the  action,  not  of  the  molecule  as  a  whole,  but  of  one  of  the 
lions.  For  example,  cyanide  of  potassium  is  said  to  possess  a  very 
poisonous  action,  but  ^is  is  due  not  to  the  molecule  KON  as  such, 
but  to  the  CN  ion,  which  forms  from  it  in  solution.  When  ferro- 
cyanide  of  potassium  is  disserved,  on  the  other  hand,  no  CN  ion  is 
formed,  the  salt  dissociating  into  the  K  and  Fe(CN)8  ions,  and  fer- 
rocyanide  of  potash  is  therefore  entirely  devoid  of  the  cyanide  action. 
In  the  same  way  the  corrosive  effecta  of  potassium  or  sodium  hydrate 
are  not  due  to  the  potassium  or  sodium,  but  to  the  hydroxyl  ions 
(HO),  for  the  same  K  or  Na  ions  are  obtained  when  KCl  or  NaCl 
is  dissolved,  but  neither  of  these  is  corrosive.  Thus  when  a  disso- 
•ciable  body  is  administered,  not  one,  but  two,  separate  agents  are  put 
in  action  in  the  tissues,  and  in  describing  the  effects  of  one  of  these 
dissociable  bodies,  the  effects  of  each  ion  have  to  be  taken  into  con- 
.  sideration.  In  the  organic  materia  medica,  many  such  substances 
I  occur,  but  in  the  great  majority  of  them  the  action  of  one  ion  is  so 
I  much  more  powerful  than  that  of  the  other  that  the  less  important 
I  one  may  be  neglected.  Thus,  morphine  sulphate  in  the  body  exists 
as  a  morphine  and  a  sulphate  ion,  but  the  action  of  morphine  is  so 
much  the  more  powerful  that  the  sulphate  ion  may  he  left  out  of 
account.  This  is  shown  by  the  fact  that  morphine  hydrochloride, 
which  is  dissociated  into  morphine  and  chloride  ions,  has  practically 
the  same  action  as  morphine  sulphate.  In  the  same  way  the  positive 
ion  (Na,  K,  etc.)  of  the  cyanidee  may  be  neglected,  because  the  nega- 
tive CN  ion  is  so  poisonous  that  the  positive  ion  can  never  be  present 
in  the  tissues  in  sufficient  quantity  to  elicit  any  action. 

When,  however,  less  poisonous  substances  are  involved,  the  case  is 

quite  different.     Thus,  although  the  hydrobromide  and  the  sulphate 

I  of  morphine  may  be  described  as  possessing  the  same  action,  because 

f  the  morphine  ion  alone  is  taken  into  account,  the  sulphate  and  bro- 

f  '  These  ions  are  not  to  be  eonfosed  with  atoma  nf  potaniiun  and  cblorina.  for 
I  thej  poseeM  cooa  of  the  chemieal  propertiM  of  thgae  elementa ;  the  pbjsieRl  differ- 
I  anee  eonsutB  in  e&eh  ion  being  charged  with  &  burden  of  eleetricitf,  pontive  or 
(    negKtiTe. 
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midd  of  potaBsium  induce  quite  different  Bjmptoms,'  because  here 
larger  qoaDtities  can  be  administered,  and  tiie  SO4  and  Br  ions  are 
present  in  sufficient  quantities  to  elicit  their  specific  action,  which  is 
quite  as  important  as  that  of  the  K  ion. 

In  this  connection  it  is  to  be  noted  that  many  bodies  are  not  disso- 
ciated, For  example,  potash,  EHO,  and  alcohol,  CsHgHO,  both 
contain  HO,  but  in  the  former  the  hydroxjl  is  dissociated  in  water, 
while  the  latter  remains  undissoclated.  Thus,  when  KHO  comes  in 
contact  with  a  mucous  membrane,  the  molecule  does  not  act  as  such, 
but  the  effects  are  due  to  the  HO  ion,  and  to  a  less  extent  to  the  K 
ion.  On  the  other  -hand,  alcohol  acts  as  a  molecule,  and  the  caustic 
effects  of  the  HO  ion  are  not  olwerved  under  it.  A  similar  contrast 
is  offered  hy  the  effects  of  the  dissociable  KBr  and  bromated  cam- 
phor, which  is  not  dissociable  but  acts  as  an  entire  molecule.  It  is 
therefore  vain  to  expect  the  bromide  action  from  this  compound,  for 
the  bromides  act  from  the  presence  of  the  bromide  ion,  which  is  not 
formed  from  monobromated  camphor. 

This  renders  the  classification  of  the  inorganic  salts  a  matter  of 
some  difficult;,  for  it  is  necessary  to  consider  the  action  of  each  ion 
alone,  and  then  to  find  how  far  its  effects  are  modified  by  the  presence 
of  the  other  ion  with  which  it  is  associated  in  the  molecule.  It  is 
obviously  illc^cal  to  copsider  under  a  "  potassium  series "  all  the 
salts  of  potash,  for  in  many  of  these  the  K  ion  is  of  no  importance, 
while  in  others  it  is  the  chief  factor. 

The  effects  of  an  ion  cannot  be  determined  except  by  administei^ 
ing  it  along  vrith  another  in  the  form  of  a  salt,  hut  certain  ions  are  so 
inactive  in  the  tissues  that  if  any  effect  is  noted  after  a  compound  of 
which  they  form  part,  the  action  can  be  ascribed  with  certainty  to  the 
other  ion,  unless  the  change  arises  from  alteration  of  the  physical 
properties  of  the  fluids.  Tor  example,  the  sodium  ion  (Na)  and  the 
chloride  ion  (CI)  are  both  practically  inert,  except  in  so  far  as  they 
change  the  osmotic  pressure.  Thus,  if  a  sodium  salt  or  a  chloride 
be  found  to  cause  some  change  which  is  not  due  to  the  physical  altera- 
tion, the  action  is  attributed  to  the  other  ion  of  the  molecule.  Before 
entering  on  the  study  of  the  action  on  the  ions,  however,  it  is  obviously 
necessary  to  learn  the  symptoms  caused  by  alteration  of  the  physical 
properties  of  the  fluids,  and  this  can  best  be  done  by  examining  the 
effects  of  bodies  which  act  only  in  this  way,  namely,  chloride  of 
sodium  and  vrater. 
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L    SODIUM  OHLOBIDE  AUD  WATEB. 

The  most  typical  example  of  salt-action  is  preaented  by  chloride  of 
sodium,  for  this  salt  is  always  present  in  large  quantities  in  the  body, 
and  has  practically  no  specific  action ;  the  sodium  and  chloride  ions 
are  ordinary  and  necessary  constituents  of  the  fluids  of  the  body. 
The  action  of  this  salt  is  therefore  limited  to  the  alteration  in  the 
physical  properties  of  the  fluids,  which  its  presence  in  excess  or  in 
limited  amount  induces.  In  the  same  way  the  action  of  water  is 
due  only  to  its  diluting  the  body  fluids  and  lessening  their  osmotic 
pressure,  and  it  may  therefore  be  described  along  with  that  of  salt. 

Most  of  the  tissues  hitherto  examined  in  regard  to  this  point  have 
proved  permeable  by  both  the  Na  and  the  CI  ions,  but  in  every  case 
there  is  a  certain  amount  of  resistance  offered  so  that  the  presence  of 
salt  in  the  fluid  round  a  cell  always  prevents  its  free  diffusion  into 
the  interior ;  t.  e.,  sodium  chloride  solution  exerts  osmotic  pressure  on 
the  cell.  The  molecular  weight  of  common  salt  being  small,  the 
osmotic  changes  induced  by  it  are  greater  than  those  induced  by  an 
equal  weight  of  most  other  salts,  becanse  a  larger  number  of  mole- 
cules exist  in  each  gramme.  It  also  dissociates  into  its  two  ions 
more  readily  than  many  others,  and  this  lends  it  still  greater  osmotic 
power. 

A  common  example  of  the  osmotic  action  of  salt  is  seen  in  its  use 
to  preserve  meats  from  putrefaction,  which  it  accomplishes  by  with- 
drawing the  fluids  of  the  meat,  and  thus  rendering  it  dry  and  hard 
and  unsuitable  for  the  growth  of  microbes. 

In  the  same  way  the  B«d  Blood  OorpnBcles  shrink  in  size  when  they 
are  placed  in  a  solution  of  salt  which  is  stronger  than  the  blood-plasma 
(hypertOBic),  because  the  water  is  withdrawn  from  them.  In  dilute 
(hypotonic)  solution,  on  the  other  hand,  or  in  water,  they  swell  up 
because  they  absorb  water,  while  in  solutions  of  the  same  osmotic 
pressure  as  the  plasma  (isotonic)  they  remain  unaltered  in  size. 
When  water  is  absorbed  into  the  corpuscles,  some  obscure  change 
takes  place  in  them,  and  the  hiemoglobin  diffuses  into  the  surround- 
ing liquid. 

Uiucl«  is  affected  in  a  similar  way,  strong  salt  solutions  withdraw- 
ing fluid  from  it,  while  weaker  ones  are  absorbed,  and  both  tend  to 
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deatro;  its  vitality  in  a  longer  or  shorter  time.  In  isotonic  salt  soln- 
tion,  on  the  other  hand,  mnacle  preserves  ita  irritability  for  many 
houra.  Strong  salt  solutions  irritate  exposed  Nerves  from  the  with- 
drawal of  their  fluid  contents,  and  on  the  other  hand,  distilled  water 
is  equally  fatal  to  them. 

These  changes  are  tmdoubtedl;  dne  to  the  imperfect  permeability  of  the 
cells  by  the  sodium  and  chloride  ions,  and  as  regards  the  red  blood  cor- 
puscles, it  is  definitely  known  that  salt  penetrates  them  with  the  greatest 
difficult,  if  at  all,  and  the  changes  induced  in  them  by  solutionB  of  Afferent 
concentration  and  by  water  are  due  to  the  alteration  of  their  fluid  contents 
only.  If  this  were  true  for  all  cells,  the  isotonic  solution  would  preserve 
them  in  a  normal  condition  until  they  slowly  perished  for  want  of  oxygen 
and  from  exhaustion  of  their  reserve  of  food.  Bat  this  is  found  not  to  be 
the  case,  for  muscle  suspended  in  isotonic  solution  often  develops  a  more  or 
less  rhythmical  series  of  contractions,  while  the  frog's  heart  ceases  to  beat 
after  a  time  when  it  is  perfused  with  isotonic  salt  solution,  although  it  has 
not  exhausted  its  energy  entirely.  Similarly  some  ova  and  flah  living  in  sea 
water  die  If  they  are  put  in  a  solution  of  sodium  chloride  isotonic  with  sea 
water  while  they  live  much  longer  in  distilled  water.  It  is  obvious  that  in 
these  instances  no  change  in  the  distribution  of  the  fluids  can  occur,  for  the 
osmotic  pressure  of  the  fluid  is  unchanged.  In  other  words  the  death  of 
these  animals  in  pare  salt  solution  is  due,  not  to  the  physical  action  of  the 
Bait  (salt  action),  bat  to  the  sodium  ion  exercising  a  deleterious  effect  on 
them.  This  deleterious  action  may  be  neutralized  by  the  addition  of  traces 
of  salts  of  calcium  or  of  some  other  bivalent  elements,  while  the  monovalent 
kations  have  less  antagonistic  effects  (Loeb).  In  the  natural  environment  of 
living  cells  both  sodium  and  calcium  are  present,  so  that  the  toxic  effect  of 
Bodinm  (see  Calcium)  can  scarcely  be  observed  except  when  small  masses  of 
tissue  are  thoroughly  washed  with  salt  solution ;  as  far  as  the  higher  animals 
are  concerned,  then,  salt  may  be  regarded  as  in<^fferent  in  itself  and  as  acting 
only  through  changing  the  distribution  of  the  fluids.  And  as  isotonic  solu- 
tions have  no  osmotic  action,  they  are  entirely  inert. 

Water  or  very  dilute  ealt  solutions  penetrate  into  the  superficial 
cells  of  the  fSkHn,  which  therefore  become  swollen  and  softened.  Con- 
centrated solutions,  on  the  other  hand,  rather  tend  to  draw  fluid  from 
the  sarfaee  cells,  and  this  along  with  the  passage  of  salt  into  them, 
causes  some  mild  irritation.  Neither  salt  nor  water  is  absorbed  into 
the  circulation  through  the  skin  in  mammals.  A  much  greater 
absorption  into  the  superficial  tissues  occurs  on  leas  protected  parts, 
such  as  the  cornea,  which  becomes  white  and  clouded  when  strong 
salt  solutions  are  applied  to  it.  Similarly,  either  pure  water  or 
strong  salt  solution  caueea  considerable  pain  and  smarting  in  the  nasal 
passages,  or  in  wounds,  from  the  disturbance  of  the  normal  relation 
of  salt  and  fluid  in  the  surface  cells.  Isotonic  solutions,  on  the  other 
hand,  cause  no  pain. 

In  the  Hontk  salt  has  a  characteristic  taste,  and  strong  solutions  act 
as  astringents  here  and  in  the  throat.  In  the  Stomach  its  action  is 
very  much  like  that  on  other  mucous  membranes,  hypotonic  solutions 
causing  swelling,  while  hypertonic  solutions  cause  a  withdrawal  of 
fluid  and  a  shrinking  of  the  edls.  This  withdrawal  of  fluid  and 
imbibition  of  salt  may  set  up  such  irritation  as  to  induce  vomiting. 
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The  digestion  in  the  stomach  does  not  always  seem  to  he  improved 
hy  salt  in  the  food,  for  even  small  quantities  have  been  found  to  lessen 
the  acidity  of  the  gastric  ]uice,  and  the  amount  of  albuminous  food 
absorbed  from  the  alimentary  canal  in  animals  is  but  little  altered 
when  salt  is  added  to  the  food.  It  is  very  possible,  however,  that  a 
small  quantity  of  salt  in  the  food  renders  it  more  palatable  in  many 
instances,  and  thus  increases  the  reflez  flow  of  the  gastric  juice. 
(Compare  Simple  Bitters.)  Dapper  finds  that  the  hydrochloric 
acid  of  the  stomach  is  increased  in  some  persons  and  diminished  in 
others  by  mineral  waters  containing  common  salt  as  their  chief  ingre- 
dient. These  waters  have  no  effect  on  the  secretion  directly,  then, 
but  may  alter  it  by  changing  the  nutrition  of  the  gastric  mncous 
membrane,  or  by  arousing  secretion  reflexly  by  their  taste. 

Salt  solutions  are  Absorbed  little  in  the  stomach,  largely  in  the 
bowel,  but  considerable  difference  of  opinion  exists  as  to  the  means 
by  which  this  is  accomplished.  An  attempt  has  been  made  to  explain 
absorption  by  the  action  of  the  known  physical  processes,  such  as 
diffusion,  osmosis  and  filtration,  but  these  seem  quite  inadequate 
without  the  assumption  that  there  is  a  constant  tendency  for  fluids 
and  for  some  salts  to  pass  inwards  from  the  lumen  of  the  bowel. 
This  tendency  may  be  opposed  or  strengthened  by  the  osmotic  pres- 
sure. Thus  hypotonic  solutions  and  water  are  absorbed  rapidly, 
because  here  not  only  is  the  natural  flow  inwards,  but  the  osmotic 
current  is  in  the  same  direction,  the  fluid  being  of  lower  osmotic 
pressure  than  the  blood  serum.  In  solutions  of  equal  osmotic  pres- 
sure with  the  blood  serum  the  absorption  is  slower,  because  here  the 
natural  fiow  alone  is  active,  while  hypertonic  solutions  are  still  more 
slowly  absorbed  or  may  even  be  increased  at  first,  because  the  osmotic 
pressure  acts  in  the  opposite  direction  from  the  natural  flow.  Ac- 
cordingly, while  hypotonic  and  isotonic  solutions  disappear  rapidly, 
the  absorption  of  the  stronger  solutions  may  be  preceded  by  a  period 
in  which  the  fluid  of  the  bowel  actually  increases,  water  diffusing  into 
it  from  the  blood.  At  the  same  time  the  salt  is  being  absorbed  and 
the  solution  eventually  becomes  isotonic  and  is  absorbed.  The  absorp- 
tion from  the  bowel  is  very  similar  to  that  described  by  Hofmeister 
in  gelatine  plates,  and  it  is  possible  that  the  unexplained  tendency  for 
fluids  to  pass  inwards  may  be  due  to  some  "affinity"  between  the 
salts  and  the  colloids  of  the  bowel  wall. 

The  Blood  and  Lymph  are  in  turn  afFectedbythese  processes.  When 
hypotonic  solutions  pass  into  the  blood  from  the  bowel,  the  proportion 
of  solids  and  liquid  is  of  course  changed  and  fewer  corpuscles  and  less 
solid  matter  are  found  in  the  cubic  millimetre  than  normally  (hydrse- 
mia).  On  the  other  hand,  when  strong  salt  solutions  in  the  bowel 
cause  the  effusion  of  fluid,  the  blood  becomes  more  concentrated  than 
in  ordinary  conditions.  After  the  reabsorption  of  the  fluid,  the  normal 
balance  of  plasma  and  corpuscles  must  be  restored,  and  to  effect  this 
currents  are  set  up  between  the  blood  and  the  fluid  of  the  surrounding 
lymph.     These  currents  have  been  investigated  by  the  injection  of  salt 
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solutions  directly  into  the  blood,  and  not  by  their  absorption  from  the 
bowel,  but  the  proceaaes  probably  reeemble  each  other  in  their  chief 
features.  When  the  blood  ia  rendered  hypertonic  by  the  injection  of 
strong  salt  solution,  the  lymph  at  once  begins  to  pour  into  the  blood 
vessels  by  osmotic  attraction  and  this  leads  to  hydraimia  and  increased 
capillary  pressure,  the  arterial  tension  remaining  unchanged.  This 
augmentation  of  the  capillary  pressure  in  turn  induces  a  flow  of 
lymph  from  the  blood  vessels  into  the  lymph  spaces. 

The  flow  of  lymph  from  the  blood  vessels  is  first,  therefore,  dimin- 
ished in  amount  by  the  presence  of  salt  in  the  intestine  and  blood  and 
then  increased  again  by  the  high  capillary  pressure.  This  intei> 
change  between  the  blood  and  lymph  is  continued,  because  as  the  salt 
ia  excreted  by  the  kidneys  and  other  excretory  glands,  a  continual 
variation  in  the  osmotic  pressure  of  both  blood  and  lymph  occurs. 

The  details  of  the  changes  between  the  blood  and  lymph  under  the 
action  of  salt  and  water  are  still  obscure,  but  there  is  no  question  that 
the  absorption  of  either  of  these  leads  to  an  augmentation  of  the 
normal  exchange  of  these  fluids.  In  particular,  it  is  still  undecided 
whether  the  cells  of  the  vessels  possess  a  secretory  function  similar  to 
that  of  the  secretory  glands,  or  whether  the  whole  process  may  be 
attributed  to  variations  of  osmotic  pressure  and  filtration. 

The  changes  in  the  blood  and  lymph  are  followed  by  an  increased 
activity  of  the  Ezcrator^  OigaoB.  Thus  the  urine^  is  much  augmented 
by  the  iajection  of  salt  solution  into  the  blood,  less  so  by  the  absorp- 
tion of  water  or  salt  solution  from  the  stomach  and  bowel.  A  good 
deal  of  discussion  has  been  carried  on  in  recent  years  as  to  the  cause 
of  the  diuresis  from  salts  and  water,  and  some  authorities  hold  that 
the  presence  of  salt  in  excess  in  the  blood  stimulates  the  renal  colls 
much  in  the  same  way  as  caffeine.  But  a  more  plausible  explanation 
is  that  the  greater  volume  of  the  blood,  following  the  absorption  of 
the  fluid  and  the  increased  flow  of  lymph,  results  in  an  increase  in  the 
capillary  pressure  in  the  glomerulus  and  this  in  turn  promotes  the 
escape  of  fluid  into  the  capsule.  A  more  rapid  flow  through  the 
tubuJee  follows,  and  the  glomerular  secretion  lies  in  them  for  a  shorter 
time,  so  that  there  is  less  tendency  for  its  constituents  to  be  reab- 
sorbed into  the  blood  vessels ;  the  fluid  reaching  the  ureters  is  accord- 
ingly increased,  and  the  dissolved  salts  and  urea  are  also  augmented ; 
those  constituents  which  in  ordinary  circumstances  are  absorbed  most 
readily  by  the  epithelium  of  the  tubules  are  increased  more  than  the 
others,  so  that  the  chlorides  and  the  potassium  and  sodium  of  the 
urine  rise  much  more  than  the  urea,  phosphates  or  sulphates,  even 
■when  the  diuresis  is  due  to  the  absorption  of  water.  Any  other  dif- 
fusible body  increases  the  urine  in  the  same  way  as  salt,  and  urea 
has  therefore  been  suggested  as  a  diuretic ;  it  differs  from  salt  in  the 
difficulty  with  which  it  is  absorbed  from  the  tubules  of  the  kidney 

'  The  following  ezplanatioD  of  tbe  dinresiB  ii  ba«ed  upon  the  theory  that  all  the 
COiHtltnents  of  the  urine  are  excreted  hj  the  glomerulus,  and  that  some  of  them, 
DOtablj  mncli  of  the  flnid  and  the  alkali  ehlori^,  are  reabsorbed  in  paaaing  through 
the  tubules.    See  Jonrn.  of  PhTSiol.,  zxnL,  p.  429;  xxviii.,  p.  431. 
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and  this  further  retards  the  absorption  of  the  fluid,  so  that  urea  maj 
probably  have  ft  more  powerful  diuretic  action  than  sodium  chloride. 

Other  secretions,  such  as  the  saliva,  are  increased  hj  salt,  and  this 
not  only  by  a  reflex  from  the  mouth,  but  also  because  some  of  the  salt 
is  excreted  by  the  salivary  glands. 

When  very  large  amounts  of  isotonic  salt  solution  are  thrown  into 
the  blood,  the  organism  may  have  difficulty  in  excreting  it  rapidly 
enough,  and  the  tissues  are  therefore  found  to  be  swollen  and  cedema- 
tous  in  some  parts  of  the  body. 

When  salt  solution  is  injected  into  the  serous  cavitira  or  into  the 
lymph  spaces,  absorption  occurs  in  the  same  way  as  from  the  alimen- 
tary canal,  except  that  in  the  case  of  the  serous  cavities  osmosis  seems 
to  play  a  greater,  and  the  other  forces  a  smaller  role,  than  in  the 
stomach  and  intestine. 

The  administration  of  large  quantities  of  fluid,  either  as  water  or 
as  dilute  salt  solution,  might  be  expected  to  have  some  effect  on  the 
general  Tlasne  Change,  through  the  increased  movement  of  the  lymph 
flushing  out  the  cells  and  leading  to  a  more  complete  removal  of  the 
waste  products.  As  a  matter  of  fact,  some  increase  in  the  nitrogen 
and  sulphur  eliminated  in  the  urine  has  been  observed  under  the  use 
of  large  quantities  of  water,  but  it  is  impossible  to  estimate  at  present 
how  far  this  may  be  due  to  the  diuresis  alone ;  in  any  case  the  increase 
is  not  by  any  means  so  large  as  is  often  believed,  as  it  only  amounts 
to  some  5  per  cent,  or  less.  Any  salt  solution  causing  an  acceleration 
in  the  movement  of  the  fluids  of  the  body  must  tend  to  facilitate  the 
excretion  of  the  waste  products  in  the  same  way,  but  some  recent 
investigations  indicate  tihat  in  addition  salt  tends  to  alter  the  protein 
metabolism  through  acting  directly  on  the  cells;  this  action  is  so 
slight,  however,  that  the  resulting  change  in  the  nitrogen  eliminated 
is  concealed  by  the  increase  caused  by  the  more  complete  flushing 
and  diureeis.  The  amount  of  proteins  and  fats  absorbed  from  the 
alimentary  tract  does  not  appear  to  be  altered  by  the  administration 
of  large  amounts  of  water  (Edsall). 

Strong  salt  solutions  injected  into  animals  either  hypodermically  or  intrs- 
venonsl;  sometimes  prove  fatal,  apparently  from  the  withdrawal  of  fluid 
&om  the  central  nervous  system.  The  symptoms  in  mammals  ore  increasing 
lassitude  and  weakness,  with  augmented  reflex  excitability,  tremors,  and  finally 
convulsions.  The  circalation  is  only  slightly  affected  until  just  before  death, 
when  the  blood-pressure  falls  suddenly.  The  red  blood  cells  are  found  to  be 
much  shrunken,  and  hcemorrhages  are  found  in  different  organs;  the  longs 
are  sdematons,  and  the  int«stinal  mucous  membrane  is  swollen  and  congested. 

The  Salts  of  th«  Urlie  are  increased  by  diuresis  from  any  cause,  as 
has  been  stated ;  both  sodium  and  potassium  are  augmented  but  espe- 
cially the  sodium  which  is  present  in  larger  proportions  in  the  serum 
and  therefore  forms  a  larger  constituent  of  the  glomerular  secretion. 
This  increase  in  the  sodium  salts  is,  of  course,  particularly  marked 
when  diuresis  is  induced  by  common  salt,  but  when  potassium  salts 
increase  the  urine,  the  sodium  also  generally  predominates  in  it  and 
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thia  would  eventually  lead  to  the  lose  of  all  the  sodium  in  the  Wood 
of  herbivora,  whoee  food  contains  large  quantities  of  potassium ;  but 
after  a  certain  amount  of  aodium  has  been  lost,  potassium  causes  no 
further  excretion,  so  that  the  tissues  apparently  protect  themBelves 
from  the  total  loas  of  sodium  chloride,  which  would  be  fatal  to  them. 

Bunge  states  that  in  both  man  and  animals  a  diet  rich  in  potassium  caiues 
an  appetite  for  common  salt,  while  a  diet  which  does  not  contain  an  excess 
of  potash  does  not  develop  this  desire.  Thus  herbiToroDS  animnlH  and  agri- 
cultural peoples  seek  for  salt,  because  vegetable  foods  contain  laige  quantities 
of  potassium,  while  the  eamivora  and  the  hunting  peoples  require  no  salt 
and  often  have  a  distaste  for  it,  owing  to  their  food  containing  a  lai^er  rela- 
tive proportion  of  sodium  salts.  This  instinctive  appetite  he  regards  as  a 
means  bjr  which  nature  protects  the  tissues  from  excessive  loss  of  sodium. 
Some  doubt  has  recently  been  thrown  on  this  explanation  of  the  desire  for 
salt  by  Lapicque,  who  discovered  some  African  races  living  on  vegetable  sub- 
stances alone,  and  using  the  ashes  of  the  plants,  which  contain  more  potas- 
sium than  aodiom,  as  civilized  peoples  use  ordinary  salt.  He  holds,  therefore, 
that  salt  is  merely  of  value  as  a  flavoring  agent. 

Tharapeatlc  Vua. — Water  and  salt  are  rarely  or  never  prescribed  as 
such,  but  are  used  to  a  very  large  extent  in  medicine,  and  great  virtues 
have  been  ascribed  to  them  in  a  number  of  pathological  conditions. 

They  are  used  for  their  local  action,  and  for  the  supposed  alterations 
in  the  tissue^hange  and  in  the  excretions  produced  by  them  after 
their  absorption  into  the  blood.  In  general,  patients  are  sent  to 
watering  places  and  baths,  and  the  success  of  the  treatment  is  to  a 
considerable  extent  due  to  the  climatic  conditions,  the  change  in  the 
habits  of  life,  the  dietetic  treatment  and  the  rest  from  everyday  occu- 
pations. At  the  same  time  the  drinking  of  large  quantities  of  weak 
salt  solutions,  and  the  constant  bathing  in  somewhat  irritating  fluids, 
may  exercise  a  therapeutic  action  in  many  cases,  and  may  at  any  rate 
aid  the  hygienic  conditions.  Whether  the  water  contains  salt  or  not, 
it  must  be  remembered  that  in  bathing  the  action  is  a  purely  local  one, 
for  neither  the  salt  nor  the  water  is  absorbed.  The  slightly  irritant 
effect  on  the  skin  may,  however,  improve  its  circulation  and  nutrition, 
and  thereby  be  efficacious  in  some  skin  diseases.  By  continued  use 
the  sensitiveness  of  the  skin  vessels  to  heat  and  cold  may  also  possibly 
be  deadened.  The  changes  in  the  metabolism  induced  by  baUiing  in 
strong  salt  solution  are  merely  trifling  in  extent,  and  there  is  no  reason 
to  suppose  that  the  bathing  in  itself  has  any  therapeutic  value  what- 
ever. The  efficacy  of  the  treatment  in  bathing  places  is  due  to  the 
dietetic  regimen,  the  change  in  climate  and  other  factors,  which  are 
popularly  supposed  to  be  merely  accessory  features.  Special  baths 
are  very  frequently  recommended  for  some  diseases,  but  it  must  be 
remembered  that  the  action  is  due  to  the  salt-action;  the  greater  the 
concentration,  the  greater  is  the  effect  on  the  skin,  and  it  is  of  no 
importance  which  of  the  neutral  salts  is  in  the  solution,  or  whether 
small  traces  of  iron  or  other  metals  are  present ;  alkaline  baths  act 
more.on  the  skin  than  others. 

In  diBeaBCE  of  the  stomach  the  drinking  of  large  quantities  of  water 
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or  of  weak  salt  eolntiona  may  also  be  lieneficial.  The  action  is  einiilar 
to  that  on  the  skin— a  mild  irritation,  owing  to  the  Bwelling  of  the 
more  superficial  cells  of  the  epithelium  and  the  increased  movemait 
of  the  fluid  in  them  and  in  the  deeper  layers.  In  some  cases  of 
insomnia  hot  water  Bometimes  causes  sleep,  prohahlj  by  causing  dila- 
tation of  the  gastric  vessels,  and  thereby  withdrawing  the  blood  from 
the  brain. 

In  many  diseases  in  which  the  symptoms  point  to  a  disorder  of  the 
metabolism,  water  and  salt  solutions  are  advised.  Thus  gout  and 
rheumatism  are  frequently  treated  by  sending  the  patients  to  watering 
places,  on  the  theory  that  the  tissues  are  washed  out  thoroughly  and 
the  waste  products  thus  removed.  As  a  matter  of  fact,  the  more 
recent  work  in  this  direction  shows  that  large  quantities  of  water  and 
dilute  salt  solutions  have  little  or  no  effect  on  the  uric  acid  excretion, 
which  was  formerly  believed  to  be  much  diminished.  This  fact  does 
not  necessarily  involve  the  inference  that  the  treatment  is  erro- 
neous, for  it  is  now  generally  recognized  that  gout  it  not  really  due 
to  the  failure  of  the  uric  acid  excretion.  Many  cases  are  unques- 
tionably benefited  by  the  springs,  although  it  may  be  questioned  how 
much  of  the  improvement  is  due  to  the  water  taken,  and  how  much  of 
it  ought  to  be  ascribed  to  the  changed  conditions  of  life. 

The  bath  treatment  has  been  recommended  for  numerous  diseases 
in  which  the  salt  and  water  could  not  possibly  have  any  beneficial 
action,  and  in  which  the  remedial  agent  is  the  climate,  and  perhaps 
the  faith  of  the  patient  in  the  water.  Belief  in  the  healing  power  of 
certain  natural  waters  is  one  of  the  most  ancient  of  all  therapeutic 
theories,  is  found  among  altogether  uncivilized  peoples,  and  has  been 
incorporated  in  many  religions.  It  is  not  to  be  wondered  at  that  in 
some  nervous  disorders  the  faith  of  the  patient  and  auto-su^estion 
perform  some  marvelous  "  cures," 

In  obesity  the  drinking  of  some,  waters,  such  as  that  of  Kissingen 
or  Homburg,  has  been  advised.  These  waters  contain  from  0.2—1.4 
per  cent,  sodium  chloride,'and  it  seems  very  doubtful  if  they  have  any 
effects  in  themselves ;  many  hold  that  the  benefits  accruing  from  the 
treatment  are  really  due  to  the  hygienic  measures  followed,  and  that 
the  waters  play  only  an  insignificant  r61e. 

Salt  in  solid  form  or  in  strong  solution  is  used  occasionally  as  an 
emetic  in  cases  of  emergency,  as  in  poisoning,  and  generally  produces 
vomiting  rapidly,  owing  to  the  irritant  action  on  the  stomach.  In 
nitrate  of  silver  poisoning  it  arrests  the  corrosive  action  by  the  forma- 
tion of  the  insoluble  silver  chloride. 

Salt  solution  is  often  used  instead  of  water  in  enemata  and  when 
concentrated  possesses  an  irritant  action  on  the  bowel,  producing 
peristalsis.  Strong  solutions  are  simietimes  thrown  into  the  rectum 
to  destroy  round  worms. 

Isotonic  salt  solutions  (0.6-0.9  per  cent.)  are  often  administered 
when  the  body  has  lost  much  fluid,  as  they  are  rapidly  absorbed  and 
are  devoid  of  irritant  action;  thus  in  luemorrbage  these  solutions 
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are  injected  Bubcutaneously,  iDtravenonsIy,  or  per  rectam.  A  rapid 
improvement  in  the  circulation  followa,  and  ^ie  hag  given  rise  to 
ihe  erroneoiiB  opinion  that  such  saline  infusions  stimulate  the  heart 
directly  as  well  aa  by  the  mechanical  effect  of  the  increase  in  the  fluida 
of  the  body ;  this  theory  has  led  to  infusions  being  made  in  weakness 
of  the  heart  from  other  causes  than  hEemorrhage.  Some  of  the  symp- 
toms of  cholera  are  believed  to  be  due  to  the  loss  of  fluid,  and  theae 
are  said  to  be  relieved  by  the  injection  of  salt  solutions,  though  the 
mortality  does  not  seem  materially  altered.  The  intravenous  and  sub- 
cataneouB  injection  of  salt  solution  has  been  recommended  in  unemia 
and  similar  intoxications,  with  the  idea  of  washing  out  the  poisons 
through  the  kidneys;  the  same  results  can  often  be  obtained  by  drink- 
ing large  quantities  of  water.  There  is  still  some  question  as  to 
whether  the  infusion  of  salt  solution  is  really  remedial  in  loss  of  blood 
and  the  latest  investigator  of  the  matter,  Feis,  comes  to  the  conclusion 
that  it  is  of  little  or  no  benefit.  The  hypodermic  injection  of  large 
quantities  of  isotonic  salt  solution  is  said  by  Biernacki  to  have  effects 
which  only  pass  off  in  some  6-8  days  in  animals.  The  blood  was  at 
first  much  diluted,  but  afterwards  became  very  concentrated  and  after 
a  few  days  a  considerable  number  of  the  red  cells  were  found  in  a 
state  of  disintegration,  and  the  heemoglobin  thus  liberated  was  dis- 
tributed through  the  plasma  until  it  was  finally  excreted  in  the  urine. 
The  animals  did  not  seem  to  suffer  from  the  treatment,  but  his  results 
indicate  that  the  injection  of  large  quantities  of  salt  solutions  is  by  no 
means  the  harmless  proceeding  which  it  is  generally  believed  to  be. 

Isotonic  salt  solutions  are  used  in  surgery  to  wash  out  the  peri- 
toneal cavity,  which  would  be  injured  by  distilled  water. 

According  to  a  recent  view,  the  retention  of  sodium  chloride  in  the 
tissues  may  lead  to  the  retention  of  fluid  and  may  thus  tend  to  cause 
(edema  and  dropsy.  These  conditions  have  therefore  been  treated 
by  a  diet  containing  a  low  proportion  of  salt,  and  in  a  certain  number 
of  cases  with  some  success.  It  is  still  doubtful,  however,  whether  the 
theory  is'correct,  and  the  improvement  may  have  arisen  from  other 
factors  than  the  restriction  of  chlorides  in  the  food. 
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n.  POTAsrauu  salts. 

The  eflFects  of  potflssinm  in  the  orgaciBin  can  beat  be  atudied  by 
administering  the  chloride,  as  the  CI  ion  ig  practically  devoid  of 
action  and  the  symptoms  induced  by  potassic  chloride  must  therefore 
be  due  either  to  the  "  salt-action  "  or  to  the  potassium.  The  ealt- 
action  can  be  discounted  by  comparing  the  symptoms  with  those  of 
an  isotonic  solution  of  sodium  chloride,  and  when  this  is  done  it  is 
found  that  potaesiimL  hftn  n  distinctly  poiaonouB  action,  which  ia 
chiefly  maniiesledm  dapreaaion  of  the  central  nervous  syat^  and  of 
thehgact 

In^the  frog  the  central  action  is  shown  by  the  spontaneoua  move- 
menta  becoming  weak  and  slowly  performed,  and  by  their  completely 
disappearing  much  earlier  than  in  sodium  chloride  experiments.  In 
mammals  the  chief  nervous  symptoma  are  great  muscular  weaknesa 
and  apathy.  The  respiration  becomes  rapid  and  labored,  probably 
\  trom  ttie  aneemia  of  the  centres,  and  death  is  often  preceded  by  weak 
1  aaphyxial  convulaiona. 

The  depreaaion  of  the  heart  ia  shown  in  the  frog  by  weakness,  slow- 
ness and  irregularity  when  chloride  of  potassium  ia  injected  subcu- 
taneoualy,  but  ia  more  clearly  demonatrated  by  the  rapid  failure  of 
an  excised  heart  when  a  chloride  of  potaasium  solution  is  perfused 
through  it.  An  isotonic  solution  of  common  salt  also  brings  ^e  heart 
to  standstill  after  a  time,  but  potassic  chloride  acts  very  much  more 
quickly,  and,  in  fact,  the  former  may  restore  the  heart  beat  after  it 
has  been  stopped  by  potassium,  which  proves  conclusively  that  the 
latter  has  a  specific  poisonous  action  in  addition  to  any  salt-action. 
Kinger,  however,  found  that  the  beat  of  the  frog's  heart  perfused  with 
a  solution  of  common  salt  was  not  ao  satisfactory  ae  that  of  one  pei~ 
fused  with  the  aame  aolution  to  which  some  potassic  aalt  had  been 
added,  because,  as  has  been  already  motioned,  the  proteins  of  the 
heart  must  contain  potassium,  and  when  this  is  substituted  by  sodium, 
83  is  the  case  when  there  ia  no  potassium  in  the  perfusion  fluid,  the 
muscle  becomes  incapable  of  normal  contraction.     (See  Calcium.) 

The  mammalian  heart  is  alec  injured  by  the  action  of  potassium 
when  the  salt  is  administered  in  large  quantities,  as  ia  shown  by  the 
pylge  becoming  much  alpwer  and  weaker  and  by  a  "^idf^""  fal?  ft* 
blnyd-prpmnii-fl;  nn  acceleration  of  the  pulse  is  often  observed  at  first. 
The  poisonous  action  of  potash  on  the  heart  has  given  rise  to  exag- 
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gerated  apprehensions  of  the  danger  of  using  its  salts  in  therapeutics, 
and  it  may  therefore  be  noted  that  potassium  has  no  effect  on  the 
heart  when  given  by  the  Btoinach,  and  that  very  much  larger  quanti- 
ties of  potash  are  taken  daily  in  the  food  by  thousands  of  perBons 
than  are  ever  prescribed  in  medicine.  Bunge  estimates  the  amount  ■ 
of  potash  in  the  food  of  some  classes  at  50-100  grms.  (1^-3  oz.)  perl 
day,  Meltzer  has  recently  shown  that  the  magnesium  salts  are  much 
more  poisonous  than  those  of  potassium,  yet  magnesium  sulphate  is 
often  employed  in  doses  of  J-l  oz.  without  deleterious  effects.  The 
absence  of  effects  from  the  potassium  ion  when  the  salts  are  taken  by 
the  mouth  is  due  to  their  rapid  gltftfgtipp-  in  the  urine^     "~ 

ihe^f allure  o^ttlU  hrail  la  the  causfe  of  death  Tn  mammals  when 
potassium  salts  are  injected  into  a  vein,  the  respiration  and  the 
reflexes  often  persisting  for  a  few  seconds  afterward.  According  to 
Braun,  potassium  salts  cause  a  transient  contraction  of  the  vessel 
walls  when  they  are  injected  directly  into  the  arteries. 

Potaseinin  has  some  action  on  moBcle  in  the  frog,  the  contraction  seeming 
to  be  somewhat  greater  in  height,  though  shorter  in  length,  and  there  being 
less  tendency  to  contracture.  Muscle  exposed  in  a  solution  of  potassic  chlo- 
ride dies  very  much  sooner  than  in  an  isotonic  solution  of  sodium  chloride. 

Chloride  of  potassium  has  also  some  depressant  action  on  the  peripheral 
nerves,  for  they  lose  their  irritability  rapidly  when  they  are  exposed  to  its 
solations.  A  concentrated  solution  applied  to  an  exposed  nerve  causes  con- 
tractions of  the  mnseles  which  are  supplied  by  it,  but  these  are  weaker  and 
last  a  much  shorter  time  than  those  elicited  by  a  similar  solution  of  common 
salt.  This  is  explained  by  the  depressant  action  of  the  potassium  opposing 
the  irritation  which  it  induces  through  its  salt-action. 

The  absorption  of  potassium  salts  is  followed  by  the  same  changes  in  the 
movement  of  the  fluids  of  the  body  as  have  been  described  in  the  case  of 
sodium  chloride  (page  490).  This  generally  results  in  diuresis  with  an 
increase  in  the  potassium  and  the  sodium  and  chloride  in  the  urine.  The 
potassium  salts  are  generally  credited  with  greater  diuretic  properties  than 
those  of  sodium,  and  there  is  reason  to  believe  that  they  lie  midway  between 
the  sodium  salts  and  the  sulphates  iu  their  behavior  to  the  renal  cells  (page 
491).  Strong  solutions  of  potassic  chloride  are  said  to  be  more  irritating  to 
the  stomach  and  also  in  the  subcutaneous  tissues,  than  those  of  sodium  chlo- 
ride; tins  would  indicate  that  potassinm  has  a  specific  irritant  action  apart 
from  its  salt-action,  which  is  not  unlikely,  although  it  cannot  be  said  to  have 
been  demonstrated  satisfactorily  as  yet. 
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T.<tltliiTrt,  CsBinm,  Rubidium. 

In  r^ard  to  the  action  of  the  rarer  alkalies.  Lithium,  Ccesium  and  Rabid- 
ium,'  comparatively  little  is  known.     They  seem  to  have  some  effect  in  depres- 

*  The  still  rarer  meUIs  Tttrimn,  Erbium,  Beryllfam,  DldTniiam  and  lAnthannm 
have  Bcareely  received  ezaminatian  except  at  the  bauds  of  Bnmton  and  Cash,  aad 
ure  not  of  sufficient  importance  to  require  further  meutioD  here. 
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tang  the  spinal  cord  in  the  frog,  but  it  is  uncertain  whether  this  is,  like  the 
action  of  eodinm  chloride,  merely  due  to  the  presence  of  large  quantities  of 
Baits  in  the  body,  or  vhether  they  have  a  specifio  action  on  the  nerve  cells. 
Lithium  eeeniB  to  have  some  further  depresaant  action  on  the  motor  nerves, 
and  to  weaken  the  muscular  contraction.  It  acts  much  less  powerfully  on 
the  mammalian  heart  than  potassiom,  but  has  some  effect  in  weakening  it. 
Its  chief  effects  are  exercised  in  the  aUmentary  tract,  for  gastro-enteritis  and 
extravasations  of  blood  into  the  stomach  and  bowel  are  induced  by  its  sub- 
cntaneous  or  intravenous  injection  and  these  are  the  cause  of  death  in  fatal 
poisoning  in  Hninmlii  Su<^  violent  effects  are  less  easily  elicited  by  the 
administration  of  lithium  by  the  mouth,  though  vomiting  and  purging  have 
been  caused  in  animals  by  this  method  also,  and  disturbance  of  the  alimentary 
tract  has  sometimes  followed  lithium  treatment  in  man.  Some  of  the  lithium 
is  excreted  in  the  bowel,  and  in  this  respect  this  metal  appears  to  form  a  con- 
trast to  potassium  and  sodium  and  to  resemble  rather  the  group  of  alkaline 
earths.  Most  of  it  appears  in  the  urine,  however,  and  here  the  excretion  is 
Blow,  for  traces  may  be  found  in  it  for  many  days  or  even  weeks  after  a  single 
administration . 

Rubidium  seems  to  act  on  the  frog's  heart  and  on  muscle  cells  in  much  the 
same  way  as  potassium.  It  is  slowly  excreted  t^  the  kidney;  traces  are 
found  also  in  the  fnees,  especially  if  diarrhcea  oeeurs,  as  is  not  infrequently 
the  case. 

GiBsium  resembles  lithium  in  causing  inflammatory  reactions  in  the  alimen- 
tary tract,  leading  to  vomiting  and  dmrrboea,  when  it  is  injected  hypoderm- 
ically  or  when  la^e  doses  are  given  by  the  mouth.  It  is  partly  excreted 
along  the  alimentary  tract  in  mammals.  In  the  frog  it  induces  weakness  of 
the  muscles  and  paralysis. 
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ni.    AMHONTUH. 

Althougli  ammoninm  is  not  a  metal,  its  behavior  in  the  bodyresfin- 
bles  in  manj  points  that  of  the  fixed  alkajiee,  and  it  may  therefore 
best  be  studied  along  with  them.  The  ordinary  solutions  of  ammonia 
and  the  gas  itself  are  possessed  of  powerful  irritant  properties,  and  its 
general  action  can  be  determined  only  by  the  examination  of  those  of 
its  salts  in  which,  as  in  ammonium  chloride,  the  effects  of  the  anion 
can  be  neglected.  The  action  of  chloride  of  ammonium  is  due  to  the 
specific  action  of  the  base  and  to  the  salt-action. 

Action. — Its  mpst  striking  effect  is  the  stimulation  of  the  Central 
KflrrooB  System,  which  is  induced  when  it  is  injected  subcutaneously 
or  intravenously.  The  reflex  irritability  is  much  increased,  and  this 
may  be  followed  by  tetanic  convulsions,  both  in  frogs  and  mammals. 
These  convulsions  persist  after  division  of  the  cervical  spinal  cord 
and  destruction  of  the  medulla  oblongata  and  brain,  and  are  evidently 
caused  by  changes  in  the  spinal  cord,  similar  to  those  met  with  in 
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etrychniiie  poisoning.  The  medullary  centres  are  aleo  involved,  for 
the  refipiration  very  often  ceases  for  a  moment,  and  then  becomes 
very  much  accelerated,  and  in  Bome  instances  deeper.  The  cause  of 
the  altered  breathing  is  a  stimulation  of  the  respiratory  centre;  the 
preliminary  pause  is  attributed  by  some  to  action  on  the  vagus  ends 
in  the  lunge,  but  this  is  denied  by  others,  and  it  seems  po^ible  that  it 
is  due  to  excessive  stimulation  of  the  respiratory  centre. 

The  blood-pressure  rises  from  contraction  of  the  peripheral  arte- 
rioles, induced  by  stimulation  of  the  vasomotor  centre,  while  the  heart 
is  sometimes  slowed  from  increased  activity  of  the  inhibitory  centre, 
but  is  said  to  be  accelerated  in  other  cases ;  whether  this  arises  from 
action  on  the  cardiac  muscle  or  on  the  accelerator  centre  is  still 
unknown. 

During  the  convulsions  the  respiration  is  arrested  and  the  blood- 
presaure  becomes  extremely  high.  If  large  enough  quantities  be  in- 
jected, the  stimulation  is  followed  by  paralysis  of  the  central  nervous 
system  and  the  animal  dies  of  asphyxia,  but  if  artificial  respiration 
be  carried  on,  it  recovers  rapidly,  from  the  salt  being  eliminated. 

In  the  frog  ammonium  chloride  tends  to  paralyze  the  terminations 
of  the  Uotor  Hervea,  but  little  or  no  such  action  is  met  with  in  mam- 
mals. This  marked  curara-like  action  differentiates  the  ammonium 
tetanus  of  the  frog  from  that  seen  under  strychnine,  as  the  spasms 
last  a  shorter  time,  and  soon  become  weaker  from  the  impulses  failing 
to  reach  the  muscles  through  the  depressed  terminations.  The  Unadea 
themselves  are  aleo  acted  on  by  ammonium  in  much  the  same  way  as 
l^  potassium,  although  in  the  case  of  ammonium  a  preliminary  stage 
of  somewhat  augmented  irritability  has  been  observed  by  someinveBti- 
gators.  Ammonium  chloride  is  generally  credited  with  acting  on  the 
S«cntdona  of  the  stomach  and  of  the  bronchial  mucous  membrane, 
which  it  is  said  to  render  more  fluid  and  less  tenacious,  and  at  the 
same  time  to  increase  considerably. 

Ammonium  salts  penetrate  most  cells  of  the  body  more  freely  than 
the  salts  of  the  fixed  alkalies,  and  solutions  of  ammonium  chloride  are 
therefore  absorbed  more  rapidly  from  the  stomach  and  intestine  than 
those  of  sodium  or  potassium  chloride.  They  permeate  into  the  blood 
cells  with  still  greater  freedom,  and,  in  fact,  solutions  of  the  chloride 
of  ammonium  meet  with  little  more  resistance  in  entering  the  red 
blood  corpuscles  than  does  distilled  water.  If  ammonium  be  com- 
bined with  a  Don-permeating  ion  it  penetrates  the  blood  cells  or  the 
intestinal  epithelium  with  difficulty,  however,  so  that  the  sulphate  of 
ammonium  is  slightly  cathartic,  although  less  so  than  the  sulphates 
of  the  fixed  alkalies.  (See  Saline  Cathartics.)  The  epithelium  of 
the  lungs  appears  to  be  impermeable  by  the  ammonium  ion,  so  that 
when  ammonia  is  inhaled  it  does  not  reach  the  blood,  and  when  it  is 
absorbed  from  the  alimentary  tract  it  does  not  appear  in  the  breath 
(Magnus). 

When  ammonium  salts  are  taken  by  the  mouth,  they  have  little  of 
no  tendency  to  cause  symptoms  from  either  the  central  nervous  system 
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or  the  heart  No  case  is  known  in  which  convulsive  attackB  cottld  be 
shown  to  be  due  to  the  direct  action  on  the  central  nervous  system  in 
man,  and  it  is  very  doubtful  whether  the  circulation  is  affected  at  all. 
In  some  cases  of  poisouing  with  ammonium  hydrate  convulsions  have 
occurred,  but  these  seem  to  be  due  to  the  violent  local  action  of  the 
anion.  The  chloride  of  ammonium  may  induce  irritation  and  vomit- 
ing when  taken  in  large  quantities  into  the  stomach,  but  only  through 
its  salt  action. 

Excretion. — Some  of  the  ammonium  salts  are  excreted  unchanged 
in  the  urine,  while  others  are  changed  to  urea.  This  transformation, 
which  probably  takes  place  in  the  liver  chi^y,  proceeds  very  rapidly, 
so  that  considerable  quantities  of  some  salts  may  be  injected  slowly 
into  a  vein  without  inducing  any  symptoms  whatever.  In  the  herbi- 
vora,  urea  b  formed  whatever  salt  of  ammonia  is  injected,  but  in 
the  camivora  and  in  man  this  is  true  only  of  the  carbonate  and  the 
salts  which  are  oxidized  to  the  carbonate  in  the  body,  such  as  the 
acetate  and  citrate.  The  explanation  seems  to  be  that  in  the  herbi- 
Tora  the  abundant  fixed  alkali  of  the  blood  and  tissues  displaces  the 
ammonium  of  such  salts  as  the  chloride,  and  the  carbonate  of  ammo- 
nium thus  formed  is  changed  to  urea.  In  the  camivora  and  man,  the 
supply  of  fixed  alkali  being  less  abundant,  the  ammonium  chloride 
is  not  changed  to  the  same  extent,  but  is  excreted  as  such  in  the  urine. 
In  the  herbivora  the  administration  of  ammonium  chloride  is  there- 
tore  followed  by  an  increased  elimination  in  the  urine  of  urea  and 
of  the  chlorides  of  sodium  and  potassium  which  are  formed  by  the 
interchange;  at  the  same  time  the  fixed  alkalies  of  the  blood  are 
reduced  in  amount,  and  this  may  give  rise  to  serious  symptoms  (see 
Acids).  In  the  camivora  and  man  chloride  of  ammonium  does  not 
increase  the  urea  appreciably,  but  is  excreted  as  such  in  the  urine. 

The  urine  is  often  increased  by  the  exhibition  of  ammonium  salts, 
hut  not  always.  It  is  to  be  noted  that,  while  the  alkaline  salts  of  the 
fixed  alkalies  render  the  urine  less  acid  or  even  alkaline,  ammonium 
salts  have  no  such  effect,  because  they  are  excreted  as  urea  or  as  neu- 
tral salts. 

In  birds  and  reptiles  ammonia  is  apparently  excreted  as  uric  acid. 

The  Substitntod  Ammoniaa  of  the  methane  aeries,  saeh  as  methylamine, 
and  some  of  those  of  the  aromatic  series  resemble  ammonia  in  their  general 
effects,  but  the  stimulation  of  the  central  nervons  system  is  not  ofteo  so 
mariied.  In  general  terms,  those  compounds  in  which  one  hydrogen  atom  is 
substituted,  tend  to  cause  greater  nervous  stimulation  than  those  in  which  two 
or  three  such  substitutions  are  made,  while  this  action  is  again  more  promi- 
nent in  those  in  which  four  alkyl  groups  are  combined  with  the  nitrogen.  In 
addition,  most  of  these  compounds  seem  to  have  a  more  depressant  action  on 
the  central  nervous  sj^tem  afterwards  than  ammonia,  and  thej  all  tend  to 
weaken  and  eventually  paralyze  the  terminations  of  the  motor  nerves. 

The  ammonium  bases  formed  from  the  natural  alkaloids  appear  to  have 
leas  action  on  the  central  nervous  system,  but  act  like  curara  on  the  teimina- 
liona  of  the  motor  ner\-es. 
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Ammotm  ChioriAm  (U.  S.  P.,  B.  P.)  (NH,a),  0^1  G.  (5-15  gra.),  in 
BOlntian. 

Trochiaei  ArnmonU  ChloTidi  (IT.  S.  P.),  each  containrng  0.1  Q.  (2  grs.) 
of  flmmonitun  chloride  with  0.2  G.  (4  gn.)  of  liquorice  extract  and  some 
syrap  of  Tolu. 

Therapeutic  UaeB. — The  chloride  is  prescribed  chiefly  for  ita  effecto 
on  the  respiratory  mucous  membranes,  and  is  a  very  common  con- 
stituent  of  expectorant  mixtures  for  bronchitis  and  catarrh.  The 
lozenge  ia  often  used  for  eore  throat,  and  chloride  of  ammonium  solu- 
tions are  occasionally  inhaled  or  sprayed  into  the  throat.  It  bos  also 
been  prescribed  in  gastric  catarrh  with  benefit  in  some  casee^  but 
whether  this  is  due  to  its  acting  on  the  mucous  secretion  is  nnknown. 

Ammonium  chloride  and  the  chloride  of  trimethylammonimn  were 
at  one  time  advised  in  rheumatism,  but  have  proved  useless  in  this 
disease. 
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17.    BBOMIDBS. 

It  was  formerly  widely  believed  that  the  bromides  had  no  further 
action  than  the  chlorides,  and  that  any  effects  observed  from  potas- 
sium bromide  were  due  to  the  potassium  ion,  the  bromide  ion  being 
indifferent.  There  is  now  no  question,  however,  that  the  bromides 
have  distinctive  effects,  for  the  bromides  of  potassium,  sodium,  lith- 
ium and  other  metals  induce  changes  in  the  central  nervous  system, 
which  are  not  elicited  by  the  chlorides. 

Symptoms. — The  bromide  of  potassium  is  the  salt  most  generally 
used,  and  its  action  has  been  more  carefully  described  than  that  of 
the  other  bromides. 
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In  toe  Aluuntuy  Trmct  it  actsnq  tHe  same  vay  as  (^e  cbloride  of 
sodium,  poBSeesing  a  bitter  salt  taate  and  inducing  salivation  and 
thiTHtj  aifiA  in  large  quantities  irritation  of  the  Btomach,  nausea  and 
Tomiting.  Occasionally  diarrlitBa  has  been  observed  from  concen- 
trated solutions  reaching  the  intestine. 

Oooaral  Symptonu. — Apart  from  these  results  of  local  irritation,  the 
first  STmptom  is  often  a  dull,  heavy  headache,  with  a  feeling  of  lasu- 
tude,  fatigue,  disinclination  for  exertion,  mental  or  physical,  and  often 
muscalar  weakness.  Thought  is  slow  and  confused,  the  memory  is 
indistinct,  ideas  are  put  into  words  with  difficulty  and  the  speech  is 
accordingly  slow  and  hesitating.  External  objects  and  movements 
are  perceived,  but  arouse  no  interest  in  the  patient,  and  very  often 
this  state  of  apathy  passes  into  drowsiness  and  sleep.  The  bromides, 
however,  have  not  the  sleep-compelling  power  of  morphine  or  chloral, 
and  the  sleep  is  never  very  deep  and  is  not  refrestung,  the  patient 
sometimes  feeling  dull  and  unfit  for  exertion  after  it,  and  some 
mental  confusion  often  persisting  for  several  hours  after  awaking. 
The  reflexes  are  much  depressed  by  large  doses  of  bromide,  so  that 
touching  the  back  of  the  throat  does  not  induce  nausea,  althou^  the 
sensation  of  touch  may  persist.  The  mucous  membranes  of  the 
genito-urinary  tract  are  also  leas  sensitive,  or  rather  their  irritation 
is  less  liable  to  set  up  reflex  movements.  After  very  large  doses  of 
the  bromides  the  conjunctiva  may  sometimes  be  touched  without 
causing  winking,  and  lessened  sensation  in  the  skin  has  been  noted 
in  some  cases. 

The  pulse  and  respiration  are  slower  than  usual  after  large  doses^ 
but  scarcely  more  so  than  in  sleep.  An  increase  in  the  urine  is  often 
observed. 

Acute  fatal  poisoning  with  bromides  has  seld<Hn  or  never  occurred 
in  man,  but  after  enormous  doses  prolonged  sleep  or  stupor  has  been 
seen,  and  confusion  and  apathy  lasting  for  several  days. 

When  bromide  is  given  repeatedly  in  large  doses,  a  series  of  symp- 
toms is  often  induced  to  which  the  name  of  Bromim  has  been  applied. 
It  occurs  much  more  rapidly  in  some  persons  than  in  others,  and  may 
suddenly  appear  after  the  patient  has  been  takingthedrugformonths 
without  any  untoward  results.  The  commonest  aymptoms  of  bromism 
are  akin  eruptions  of  various  kinds,  very  often  commencing  as  aene 
of  the  face.  In  severe  cases  the  pustules  of  acne  may  coalesce  and 
form  small  abscesses,  which  are  followed  by  ulcers.  In  other  cases 
the  skin  affection  partakes  rather  of  the  nature  of  a  localized  blush 
or  erythema  and  sometimes  copper-colored  blotches  have  been  observed. 
Some  disturbance  of  the  digestion  and  lose  of  appetite  is  often  met 
with  from  the  local  action  of  large  quantities  of  the  salt  on  the 
stomach.  Affections  of  the  respiratory  passages  are  not  produced  so 
often  by  the  bromides  as  by  the  iodides,  but  have  been  met  with,  and 
consist  in  an  increased  secretion  of  mucus  by  the  bronchial  and  nasal 
epithelium.  The  mental  symptoms  are  merelyexaggerations  of  those 
observed  after  one  large  dose.     The  memory  is  especially  defective, 
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Eometimes  suddflo  lapses  occurring,  eometimea  a  general  inability  to 
remember  the  moBt  recent  events  being  met  with.  The  patient  is 
indifferent  to  his  surroundings,  speaks  slowly  and  stammers,  mispro- 
nounces ordinary  words  or  misses  several  words  out  of  a  sentence. 
The  gait  is  uncertain  and  tremor  often  accompanies  any  movement, 
the  expression  of  the  face  is  stupid  and  apathetic,  and  the  eyes  are 
heavy  and  lack  lustre. 

These  symptoms  generally  disappear  on  the  withdrawal  of  the  drug, 
but  in  his  reduced  condition  the  patient  is  of  course  liable  to  fall 
a  victim  to  infectious  disease,  and  in  a  number  of  cases  of  chronic 
bromide  poisoning  the  immediate  cause  of  death  has  been  an  attack 
of  bronchitis  or  pneumonia. 

Action. — The  effects  of  the  bromides  on  animals  have  been  the  sub- 
ject of  a  large  number  of  researches,  but  these  have  not  been  attended 
with  success  in  most  cases,  because  the  investigators  have  almost 
always  used  the  bromide  of  potassium.  The  action  here  is  compli- 
cated by  the  potassium  action  as  well  as  by  the  salt-action,  and  these 
are  often  sufficient  to  obscure  the  slight  depression  of  the  brain  which 
is  the  really  characteristic  effect  of  the  bromide  ion.  In  the  frog,  for 
example,  potassium  chloride  is  capable  of  inducing  depression  of  the 
central  nervous  system,  and  a  certain  amount  of  stupor  is  induced  by 
the  salt  action  of  chloride  of  sodium.  The  slightly  greater  depression 
induced  by  the  bromide  may  well  be  overlooked,  therefore,  and  many 
investigators  have  concluded  that  the  bromide  ion  is  as  inactive  as  the 
chloride.  The  typical  bromide  action  may  be  induced  with  greater 
clearness  in  mammals  by  the  use  of  sodium  bromide  in  repeated  doses, 
and  in  dt^  symptoms  of  depression  and  imperfect  coordination  have 
been  observed,  and  sometimes  stupor  and  death  from  failure  of  the 
respiration.  The  most  characteristic  action,  however,  is  obtained 
from  the  administration  of  the  drug  to  patients,  as  the  affection  of  the 
central  nervous  system  is  so  slight  after  all  but  extreme  doses  that  in 
order  to  produce  distinct  symptoms  in  the  less  sensitive  brain  of  the 
dog,  quantities  must  be  used  which  entail  the  additional  complication 
induced  by  salt-action, 

The  irritation  of  the  throat  and  stomach,  the  nausea,  vomiting  and 
rarer  diarrhcca  must  be  attributed  for  the  most  part  to  the  action  of 
the  salt  in  withdrawing  ffuid  from  the  mucous  membranes,  and  may 
be  avoided  by  the  use  of  dilute  solutions  and  by  their  administration 
when  the  stomach  is  full. 

The  depression  and  other  mental  symptoms  are  due  to  a  direct 
action  on  the  Oentnl  Nenrons  System.  Albertoni  found  that  the  irri- 
tability of  the  motor  areas  of  the  dog's  brain  was  very  distinctly 
reduced  by  the  administration  of  bromides,  and  in  particular  that  a 
stimulus  which  normaUy  would  have  spread  over  a  wide  area  and 
given  rise  to  an  epileptiform  convulsion,  caused  only  localized  con- 
tractions after  bromides,  while  convulsive  poisons  entirely  failed  to 
act.  Loewald  found  some  psychical  processes,  such  as  those  involved 
in  the  addition  of  numbers,  uninfluenced  by  bromides,  while  a  series 
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of  figures  could  be  learned  by  rote  only  with  great  difficulty ;  he  there- 
fore considers  that  the  action  is  limited  to  certain  definite  fimctione. 
The  reflexes  are  also  reduced  very  considerably  by  bromides,  and 
according  to  many  observers  the  passage  of  impulses  from  the  sensory 
to  the  motor  cells  of  the  cord  is  interrupted,  while  the  connection 
between  the  cerebral  centres  and  the  motor  cells  of  the  cord  is  main- 
tained intact.  In  man  the  most  striking  instance  is  the  absence  of 
reflex  nausea  when  the  back  of  the  throat  is  touched.  The  other 
reflexes  are  also  reduced,  especially  those  of  the  genital  organs,  those 
of  the  conjunctiva  being  less  affected.  While  r^ex  movements  can- 
not be  elicited,  the  sensation  often  remains  unimpaired,  but  after  large 
doses  a  more  or  less  complete  ansesthesia  is  said  to  be  produced.  This 
anaesthesia  extends  to  the  skin  when  very  large  quantities  are  admin- 
istered, and  the  cutaneous  nerves  are  said  to  be  rendered  somewhat 
less  acutely  sensitive,  when  comparatively  small  doses  are  taken. 

The  depression  of  the  spinal  reflexes  effected  by  the  bromides  ren- 
ders them  antidotal  to  strychnine,  which  induces  convulsions  only 
when  given  in  much  larger  quantities  than  are  usually  necessary. 

In  addition  to  the  ordinary  reflexes,  some  special  functions  are 
depressed  by  the  bromides.  Thus  the  respiration  becomes  slower,  and 
the  sexual  instincts  are  depressed  or  entirely  suspended  in  many  cases. 
Whether  the  latter  is  caused  by  action  on  the  spinal  cord  or  on  the 
cerebral  cortex  is  unknown. 

The  action  on  the  central  nervous  system  is  due  to  the  bromide 
only,  and  not  to  the  base  with  which  it  is  combined.  Thus,  it  may  be 
elicited  by  the  bromides  of  potassium,  sodium,  lithium  or  ammonium, 
while  it  is  not  induced  by  their  chlorides. 

The  bromide  ion  is  not  very  poisonous  to  Nerve  and  Unscle,  but  it 
is  not  so  nearly  indifferent  to  them  as  the  chloride  ion,  although  no 
effects  are  elicited  unless  the  bromide  is  applied  directly  to  the 
exposed  muscle  or  nerves. 

The  Heart  is  not  affected  directly  when  bromides  are  given  even  in 
large  doses  by  the  mouth ;  when  the  potassium  salt  is  injected  intrave- 
nously in  animals,  the  characteristic  effects  of  the  potassium  ion  are 
seen  in  the  heart,  but  these  are  not  elicited  in  therapeutics.  The 
vessels  of  the  pia  mater  are  often  found  contracted  from  the  action 
of  bromides,  but  this  aneemia  of  the  brain  is  analogous  to  that  observed 
in  sleep  and  it  may  therefore  be  the  result  and  not  the  cause  of  the 
depression.  The  mental  disturbance  observed  in  bromism  is  so  nearly 
related  to  that  seen  after  a  single  large  dose  that  it  is  unnecessary  to 
enter  into  any  explanation  of  it  here. 

The  SkiE  Emptions  arise  in  the  great  majority  of  cases  from  the 
glands,  and  in  fact  generally  remain  confined  to  them.  Bromide  has 
been  found  in  the  acne  pustules,  but  the  old  view  that  the  acne  is  due 
to  bromine  being  freed  in  the  glands  is  undoubtedly  incorrect. 

The  Temperature  of  animals  is  often  said  to  be  r»luced  by  the  bro- 
mide ;  this  may  be  explained  by  the  lessened  movement. 

Excretion. — The  bromides  are  rapidly  absorbed  by  the  mucona  mem- 
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branes,  and  some  bromide  reaction  can  be  obtained  from  tbe  urine  a 
few  minutes  after  they  bare  reached  tbe  stomacb,  but  tbe  great  mass 
of  the  drug  \b  very  slowly  excreted.  Thus,  after  a  single  dose  of  30 
gra.  the  urine  was  found  to  contain  bromide  for  two  months,  only 
about  10  per  cent,  being  eliminated  in  tbe  first  24  bours.  When  the 
treatment  is  continued,  tbe  bromide  therefore  t«nds  to  accumulate  in 
the  body,  but  tbe  proportion  excreted  rises  with  tbe  increase  of  tbe 
salt  in  tbe  blood,  until  an  equilibrium  is  reached,  exactly  as  much 
bromide  appearing  in  tbe  urine  as  is  absorbed  from  tbe  stomach.  . 
The  excretion  continues  after  the  treatment  is  discontinued,  and  the 
drug  is  found  in  the  urine  for  one  or  two  months  afterwards.  When 
the  body  is  thus  saturated  with  bromides,  some  of  tbe  chloride  combi- 
nations are  replaced  by  them;  for  example,  Ifencki  found  that  the 
acid  secreted  by  the  stomach  might  contain  more  bydrobromic  than 
hydrochloric  acid.  The  chlorides  are  excreted  in  much  larger  quan- 
tity than  usual  in  tbe  urine.  The  nitrogenous  metabolism  does  not 
seem  to  be  affected,  but  in  some  cases  a  considerably  smaller  amount 
of  phosphates  appears  in  tbe  urine.  This  has  been  supposed  to  be 
related  to  tbe  action  of  bromides  in  lessening  the  mental  activity,  but 
is  not  by  any  means  a  constant  effect. 

The  bromides  seem  to  be  distributed  in  the  body  very  much  in  the 
?ame  proportions  as  tbe  chlorides,  being  most  largely  found  in  the 
blood  serum,  while  tbe  brain  and  spinal  cord  contain  them  in  com- 
paratively small  proportion.  The  whole  behavior  of  bromide  in  the 
body  indicates  that  most  of  the  tissues  are  unable  to  discriminate  it 
from  tbe  chloride.  Thus  its  administration  is  followed  by  an  excre- 
tion of  baleens  partly  chloride  and  partly  bromide.  And  if  it  were 
possible  to  follow  tbe  course  of  tbe  individual  chloride  ions  in  the 
body  after  the  administration  of  common  salt,  their  stay  in  the  body 
might  probably  be  as  long  as  that  of  the  bromide,  the  chloride  first 
excreted  being  furnished  by  tbe  salts  of  the  blood  and  tissues.  The  i 
reduction  of  tbe  chlorides  may  be  tbe  cause  of  some  of  the  symptoms  in  | 
bromism,  and  Wyss  states  that  the  symptoms  in  rabbits  may  be  im-| 
mediately  relieveMl  by  tbe  intravenous  in]*ection  of  chlorides.  It  has 
not  been  shown  as  yet  that  the  cerebral  effects  of  the  bromides  in  man 
are  due  to  this,  however,  and  the  bromide  ion  may  have  a  specific 
depressant  action  here. 

Tbe  bromides  are  excreted  mainly  in  the  urine,  but  traces  occur 
in  tbe  perspiration  and  milk,  and  some  cases  of  bromism  in  children 
have  been  recorded  as  due  to  their  absorbing  the  bromide  thus  ex- 
creted by  the  nurse.  In  chronic  poisoning  the  breath  very  often  has 
a  disagreeable  odor,  which  has  been  attributed  to  bromine  or  some  of 
its  volatile  organic  compounds  being  excreted  by  the  lungs,  but  noth- 
ing is  known  with  certainty  regarding  it.  Bromine  has  also  been 
found  in  tbe  hair  after  the  prolonged  use  of  bromides,  and  is  supposed 
to  exist  in  organic  combinations  here.  The  bydrobromic  acid  secreted 
into  the  stomach  in  bromism  is  probably  all  reabsorbed  in  the 
intestine. 
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606  ISOBGANIC  SALTS",  ^1D8  AND  SASBS. 

.  Bromitta  of  Sodivm  differs  from  bromide  of  potassinm  cbieflj  in  the 
/  absence  of  any  changes  in  the  heart  or  in  the  muscles  exposed  to  its 
/  solution.  But  these  occur  onlj  in  animal  experiments  and  the  action 
'  in  man  is  identicaU 

Bromide  of  Ammonium  owes  most  of  its  action  to  the  bromide  ion, 
unleBS  when  it  is  given  in  large  quantities,  when,  according  to  several 
observers,  the  convulsive  action  characteristic  of  ammonium  is  devel- 
oped in  animals.  Smaller  doses  are  followed  hy  lethargy  and  weak- 
ness in  animals,  and  in  man  the  effects  are  practically  identical  with 
those  of  sodium  bromide. 

Lithium  Bromide  has  not  been  so  lai^y  used  as  the  others,  and  is 
liable  to  cause  digestive  disturbances  from  the  lithium  action  (see 
page  497). 

Hydrobnmic  Add  possesses  the  characteristic  bromide  action  after 
absorption,  but  has  the  local  action  of  an  acid  and  is  consequently 
more  irritant  than  the  other  members  of  the  series. 

Strontium  and  Oaldnm  Bromides  resemble  the  others  in  th^r  general 
action  and  are  quite  superfluous. 

P&EPAKATIOK8. 

\  -Iffe  POTASSn  BKOumuM  (U.  S.  P.,  B.  P.)  (KBr),  1-4  G.  (15-^  gn.). 

SlBII  BttOUIUUM  (TJ.  S.  P.,  B.  P.)   [NaBr),  1-4  Q.  (15-60  gra.). 

Ammonii  Bromidum  (U.  S.  P,,  B.  P.)  (NH.Br),  1-2  G.  (15-30  gn.). 

Aeidum  Hydrobromicvm  Dilutvm  (U.  S.  P.,  B.  P.)  contains  comparative!; 
little  bromide,  as  it  is  only  a  10  per  cent,  solution  in  water,  so  that  a  gramme 
of  potassium  bromide  contains  as  much  bromine  as  about  7  grammes  of  the 
dilute  acid.    4  c.c.  (1  fl.  dr.). 

The  bromides  are  all  colorless  crystalline  bodies  "ittlflt  Hf"  bnt  with  a 
saline,  bitter  taste,  and  are  y^jry  ai)[)ihlq  in  water.  They  are  almost  always 
prescribed  in  solution  and  ought  to  be  taken  diluted  with  a  considerable 
amount  of  water  in  order  to  avoid  the  irritant  action  on  the  stomach.  The 
prescription  may  be  Savored  with  syrup  and  with  some  of  the  volatile  oil 
preparations.  The  large  doses  of  the  bromides  render  their  hypodermic  injec- 
tion inadmissible,  as  concentrated  solutions  provoke  pain  and  irritation  in  the 
Bubcntaneoofi  tissues. 

A  number  of  other  bromide  combinations  are  used  in  therapeutics,  such  as 
the  bydrobromide  of  quinine,  hut  here  the  bromide  ion  is  present  in  very 
small  quantity  compared  with  the  alkaloid,  and  in  the  doses  used  in  thera- 
peutics has  no  appreciable  effect.  In  monobromated  camphor  the  bromine 
is  present  in  a  different  form  and  no  bromide  ion  is  liberated,  so  that  the 
action  of  the  metallie  bromides  cannot  be  compared  with  it.  As  a  matter  of 
fact,  the  bromine  in  this  compound  seems  to  have  little  or  no  effect.  Sdbro- 
mine,  the  dibrombehenate  of  caleium  ((C^„0^r,),Ca),  has  been  introduced 
as  a  substitute  for  the  alkali  salts. 

Therapeutic  Uses. — The  bromides  are  used  chiefly  in  the  treatment 
of  epJlBpav.  in  which  they  cannot  be  replaced  by  any  other  dme.  and 
the  prognosis  of  which  has  been  entirely  changed  sincere ir  introduc- 
tion. In  a  few  cases  the  bromide  treatment  is  said  to  cure  epilepsy — 
the  attacks  do  not  return  after  the  treatment  is  stopped — but  this  is 
exceedingly  rare ;  in  others  the  bromides  have  no  effect,  but  in  the 
great  majority  of  cases  (90-9S  per  cent.)  the  number  of  attacks  is 
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much  BUialler,  or  the  patient  may  be  entirely  free  from  them  as  long 
as  the  treatment  is  persevered  with,  although  they  return  as  soon  as  it 
is  given  up.  Very  often  no  improvement  is  observed  during  the  first  ■ 
few  days,  until  the  tissues  have  become  saturated  with  bromide,  but/ 
in  other  cases  the  spasms  disappear  immediately.  The  bromide  off 
potassium  is  more  commonly  used  than  the  others,  and  the  general 
impression  is  that  it  is  more  efBcient  and  more  certain  in  its  effects, 
hut  some  physicians  prefer  the  bromide  of  ammonium  or  of  sodium, 
and  others  still  prefer  a  mixture  of  two  bromides.  In  severe  cases  it 
is  sometimes  found  that  the  bromide  action  is  strengthened  by  the 
addition  of  cannabis  indica,  opium  or  chloral,  although  the  last  two  I 
are  to  be  used  with  caution.  In  the  treatment  of  epilepsy  it  is  well  I 
to  begin  with  small  doses  and  to  increase  them  up  to  10  G.  per  day, 
or  until  the  desired  effect  is  attained,  or  some  complication,  such  as 
widespread  skin  affections,  precludes  their  further  use.  When  little 
chloride  is  taken  in  tbe  food  the  excretion  of  bromide  is  much  retarded, 
and,  on  the  other  hand,  the  addition  of  chloride  to  the  dietary  accel- 
erates the  bromide  excretion.  The  restriction  of  the  salt  in  the  food 
of  epileptics  under  bromide  treatment  has  therefore  been  suggested 
with  the  object  of  saturating  the  tissues  with  smaller  doses  of  bromide 
than  would  otherwise  be  necessary.  In  practice,  however,  it  is  diffi- 
cult to  reduce  materially  the  chlorides  of  the  food,  and  equally  satis- 
factory results  may  be  obtained,  with  less  hardship  to  the  patient,  by 
slightly  increasing  the  dose  of  bromide. 

The  acne  is  very  often  a  troublesome  accompaniment  of  the  bro- 
mide action,  and  in  fact  may  prevent  the  use  of  this  valuable  drug  in 
otherwise  suitable  cases.  It  may  often  be  prevented  by  scrupulous 
cleanliness  of  the  skin  and  frequently  yields  to  treatment  with  small 
doses  of  arsenic. 

The  bromides  are  not  eo  effective  in  other  affections  of  the  central 
nervous  system,  although  some  success  has  attended  their  use  in 
«horea,  in  the  convulsions  of  children,  and  in  some  forms  of  hysteria. 
They  have  also  been  used  in  tetanus  and  in  strychnine  poisoning,  but 
are  inferior  to  other  remedies,  such  as  chloral.  "KTpjiraly-iii  is  some 
times  improved  by  bromide  treatment,  especially  when  it  arises  from 
worry,  anxiety  or  overwork. 

As  soporifics,  bromides  often  fail  entirely  or  induce  such  depression 
and  confusion  subsequently  as  to  preclude  their  use.  In  sleepless- 
ness from  anxiety  they  are  often  valuable,  however,  and  it  is  found 
that  the  dose  of  diJoral  may  be  considerably  lessened  if  it  is  prescribed 
along  with  bromides.  In  sleeplessness  from  pain  bromide  is  of  little 
or  no  value. 

Bromidea  have  been  used  with  good  results  in  sea-sickness,  in  the 
sickness  of  pregnancy,  and,  it  is  said,  in  whooping-cough.  Bromide 
of  potassium  was  formerly  given  internally  to  lessen  the  refiex  move- 
ments of  the  throat  and  thus  to  permit  of  laryngoscopic  manipulations, 
and  it  was  also  applied  locally  to  the  throat  for  this  purpose.  It  has 
now  been  superseded  by  the  local  u^  of  cocaine. 
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V.    I0BIDE8. 

Although  the  iodides  bare  been  more  lai^ly  used  in  medicine  than 
any  of  the  other  salts  of  the  alkalies,  their  mode  of  action  is  still 
wrapped  in  obscnritY.  This  ia  due  to  the  unsatisfactory  state  of  the 
pathology  of  tlie  diseases  in  which  they  are  used,  to  the  fact  that  the 
attention  of  investigators  has  been  drawn  to  the  symptoms  of  poison- 
ing rather  than  to  the  therapeutic  action,  and  also  to  the  fact  that  the 
effects  seem  to  vary  very  considerably  not  only  in  different  indi- 
viduals, but  also  in  the  same  person  at  different  times. 

^mptoma. — Large  quantities  of  the  iodides  cause  irritation  of  the 
stoinacb  from  their  salt-actigmuid  induce  nausea  and  vnTrn'ringj  more 
rarely  diarrhoea ;  hut  these  symptoms  are  quite  distinct,  from  those 
known  as  lodiam,  which  may  arise  from  comparatively  small  quanti- 
ties,  and  which  are  most  commonly  seen  when  the  remedy  has  been 
administered  repeatedly. 

"i'^e  commonest  Byiuptom  of  iodism  is  catarrh  of  the  Samlator? 
Pmwu[w.  mnrfi  especially  of  the  nose,  which  betrays  itself  in  some 
swelling  and  digcomfoxt  in  the  nasal  mucous  membrane,  in  a  profuse 
watefy~Eecfetion  and  in  sneezing.  The  catarrfe  spreads  upwa'r^B'  to 
the  c«tg]uE^^^.  which  o^fefiTlSfecomes  swollen  and  congested,  and  to 
the  fron|al  ftiT|nfifls.  where  it  induces  a  feeling  of  dulnesa  or  violent 


headache ;  it  also  progresses  downwards  to  the^nsilSi  which  "Becoine 
swollen  and  inflamed  in  some  cases.  Still  lowerit  occasionally  causes 
some  swelling  and  cedema  or  small  ulcers  in  the  larynx,  and  has  thus 
caused  dyspnoea,  which  has  necessitated  tracneotomj^r  very  rarely 


has  provedialal.  Bronchitis  has  also  been  'oDserved  in  man,  with  B 
profuse  watery  secretion,  and  in  animals  oedema  of  the  lungs  and 
pleuritic  effusion  have  been  produced  by  the  injection  of  iodides. 
Even  small  quantities  injected  intravenously  increase  the  mucus 
secreted  by  the  bronchi. 

In  the  Month  iodism  is  often  betrayedJ>»-wwtlling  and  irritation  of 
the  throat  and  tonsils  and  by  Jaiucation,  rarely  by  swelling  of  the 
salivary  glands.  The  stomach  is  seldom  affected,  the  appetite  gener- 
ally remaining  good,  but  in  some  persons  iodides  induce  nausea  and 
gastric  discomfort.  A  single  dose  of  iodide  increases  the  amount  of 
I  gastric  juice  and  prolongs  the  secretion  aroused  by  the  taste  of  food. 
8Un  Emptlooi  of  different  forms  are  also  common  results  of  the 
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sdministration  of  iodides,  but  are  less  liable  to  occur  in  the  begiDning 
of  the  treatment  ih&n  the  catarrh  of  the  respiratory  passages.  These 
emptions  maj  simijlate  almoet  all  known  skin  diseases,  hut  the  most 
common  forms  are  erytbematous  patches,  or  papular  eruptions  which 
may  pass  into  pustules  or  into  larger  inflamed  areas.  Eczema,  bullae, 
pemphigus  and  purpura  arise  less  frequently  from  the  use  of  iodides. 
In  some  cases  ft  more  or  less  defined  area  of  cedema  has  been  observed 
in  the  face. 

The  Secretion  of  Urine  is  generally  iqcEsfised  by  the  administration 
of  iodide^^B  U(  UlhHt  salts  of  the  alkalies,  though  they  seem  to  have 
no  specific  action  on  the  kidneys.  In  rare  cases  albuminuria  has  h^n 
observed,  and  some  irritation  of  the  bladder,  urethra  and  vagina  is 
said  to  have  been  induced  by  iodide  treatment,  hut  these  statements 
require  confirmation. 

Id  abnormal  conditions  of  the  thyroid  gland  the  iodides  and  many 
other  iodine  compounds  often  give  rise  to  a  series  of  sympfoma  whi(^ 
are  due  to  the  ezcessive  production  of  the  specific  secretion  of  the 
gland,  which  itself  contains  iodine ;  these  symptoms  are  quite  distinct 
from  those  described  as  iodism  and  may  rather  be  referred  to  as 
thyroid  ism.  Among  these  symptoms  are  acceleration  and  palpitation 
of  ttie  heart,  tremorajjervousn es b,  BleepleBsness_8nd  disorders  of  sen- 
sation, such  as  localized  anaEstheaia  or  nei'T-flJipn.  pflina.  Sometimes 
some  fe76r  or  accelerated  metaboUani  leading  to  Ifww  of  Tir^ight  hp° 
occurred,  and  occasionally  extreme  emaciation  and  cachexia  with 
mental  depression,  which  only  abated  slowly  on  the  abandonment  of 
the  treatment,  or  which  in  rare  cases  were  permanent. 

In  many  instances  small  doses  of  iodide  may  be  given  repeatedly 
without  any  noticeable  disturbance,  but  jn  others  the  sroallest  quan- 
tity  fO.2  G-.^  induces  severe  poisoning.  Home  authorities  (!Ulisider 
that  these  small  doses  are  more  liable  to  cause  iodism  than  larger  ones, 
but  this  may  be  doubted,  as  the  action  of  the  drug  is  so  capricious  that 
the  statistics  of  different  observers  show  great  discrepancies,  even 
when  approximately  the  same  dose  has  been  given.  Thus,  Haslund, 
treating  patients  with  at  first  3  G.  (45  grs.)  and  then  5  Q-.  (80  grs.) 
daily,  observed  iodism  in  only  12  per  cent,  of  his  cases  during  the  first 
few  days,  while  others  have  found  iodism  induced  in  60  per  cent,  of 
their  cases  after  a  single  dose  of  3  G-.  An  attempt  has  been  made  to 
explain  these  discrepancies  by  supposing  that  iodism  ia  only  produced 
by  impure  iodides,  hut  this  is  not  correct,  for  it  has  been  observed  in 
numerous  cases  in  which  the  drug  was  absolutely  pure.  Among  other 
conditions  which  favor  the  onset  of  symptoms  is  a  slow  excretion  of 
the  iodide  such  as  is  observed  in  some  forms  of  renal  irritation. 
Childreq  "f^*"  ^ft{w  liflhln  fp  miffoT  frnrn  <>io  i(njiHi;g  than  adults.  The 
dose  administered  has,  of  course,  some  relation  to  the  onset  of  symp- 
toms ;  thus,  very  large  doses  are  more  likely  to  induce  them  than  very 
small  ones,  but  it  seems  that  a  tolerance  is  soon  established  in  some 
cases,  for  after  iodism  has  been  induced,  and  the  daily  dose  lessened 
accordingly,  it  is  sometimes  found  that  it  may  he  gradually  increased 
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'  until  a  quantity  cocBiderably  greater  than  that  originally  given  may 

be  taken  with  impnnity.  In  other  instances,  a  definite  quantity  may 
be  given  for  a  long  time  without  inducing  symptoms,  but  these  may 
suddenly  set  in  without  any  apparemt  change  in  the  treatment  and 
without  any  appreciable  cause.  Very  often  it  is  found  that  the  symp- 
toms disappear  when  the  treatment  is  continued,  and  recovery  invar- 
iably sets  in  when  the  drug  is  abandoned.  The  iodides  all  induce 
iodism,  the  symptoms  being  apparently  unaffected  by  the  basic  ion. 
The  condition  is  seldom  dangerous,  but  a  few  cases  are  recorded  in 
which  cedema  of  the  larynx  resulted  and  proved  fatal,  and  in  others 
death  was  attributed  to  the  iodideH,  but  the  exact  cause  was  not 
ascertained. 

The  iodides  are  not  Absorbed  from  watery  solntip""  npplied  t.o  the 
'  skin,  but  are  rapidly  tHltpn  Tip  by  nil  t.hp  irmomismwnbranes.  When 
given  tTy  the  mouTh  Th^fare  absorbed  unchanged  by  tbeito^iaph  and 
int^tiJB,  and  appear  m  the  8ecretione_^gitbin^  few  minutes.  The 
greater  part  of  the  iodide  is  Eycrated  in  the  urine,  in  which  it  appears 
as  salts.  Some  escapes  by  tne  salivary  glands,  howevpr.  and  small 
qaantitjeB  are  excreted  by  the  stomach  as  hvdriodic  acid  and  some- 
times as  free  iodine ;  iojide  has  also  been  found  in  the  tears,  per- 
spiration, milk,  Hflbiim  and  \j\  fbft  HPCTption  of  the  nasal^^macgm 
BiembranS!  !tio  loaine  can  be  detected  in  the  breath  of  animals 
poisoned  with  iodides.  After  treatment  with  potassium  iodide,  iodine 
\     has  been  detected  in  the  hair,  milk,  muscles  and  heart  in  organic 

I  combination.    Iodides  are  much  more  rapidly  excreted  than  bromides, 

II  for  65--80  per  cent,  of  the  iodide  appears  in  the  urine  within  24  hours 
11  after  its  administration,  and  no  iodide  reaction  is  obtained  from  any 
I  of  the  secretions  a  week  after  the  treatment  has  ceased.     It  has  been 

stated  that  iodide  fails  to  pass  into  the  serous  cavities  in  inflammatory 
tranendates,  hut  this  seems  to  be  incorrect,  although  the  starch  test 
often  fails  here  from  the  presence  of  proteins.  After  iodide  medica- 
tion  most  of  the  salt  is  found  in  the  blood,  while  comparatively^itlle 
appears  to  be  taken  up  by  the  organs  except  by  the  th.Yroid  gland. 
Sifiali  quantities  are  found  in  the  lungs,  kidneys  and  lymph  glands, 
none  in  the  brain  or  fatty  tissues ;  diseased  organs  are  said  to  take  up 
more  than  sound  ones. 

Th^  ffTatpr  r°rt  fif  *^°  ^'"■^''^1  a^Tninistered  therefore  naasea  through 
^fl  fisaiiPH  HTid  is  p-tirptH  '^  thr  urinn  in  thti  fnim  nf  rnltn  Some  of 
"tEe  iodide  undergoes  decomposition  in  the  body,  however,  for  free 
iodine  has  been  shown  to  be  excreted  into  the  stomach,  and  an  organic 
compound  of  iodine  exists  in  the  hair  and  in  various  internal  o^ans 
after  iodide  treatment.  The  successful  treatment  of  goitre  with 
iodide  of  potassium  is  also  a  strong  argument  in  favor  of  the  presence 
of  free  iodine,  and  the  iodine  of  the  thyroid  glands  has  been  shown 
to  be  increased  by  potassic  iodide.  When  iodine  is  thus  liberated  in 
the  body,  it  does  not  circulate  as  such,  but  at  once  combines  with  the 
proteins,  and  its  presence  can  no  longer  be  demonstrated  by  the  ordi- 
nary testa. 


\ 


,L.OOS 


glc 


({  te0i .  'WaJUW.  Out  *  fu-ft*  tattrS3fji,K4  *-  ^**"'^  l 

IODIDES.  511 

The  fonnation  of  free  iodine  from  iodides  (which  is,  of  coarse,  quite  dis- 
tinct from  their  diBSOciation  into  potassium  and  iodide  ions)  has  been  ex- 
plained by  several  theories.  The  first  of  these  assumed  that  the  iodide  was 
decomposed  by  the  carbonic  acid  of  the  blood,  forming  hydriodio  acid,  and 
that  this  was  Bubsequently  oxidized  in  the  blood  to  free  iodine.  Binz  supposed 
that  the  decomposition  occurred  rather  in  the  protoplasm  of  the  tissnea,  and 
supported  his  statement  by  an  experiment  in  which  an  iodide  solution  was 
saturated  with  carbonic  acid  and  had  plant  protoplasm  added  to  it,  after 
which  it  gave  the  ordinary  iodine  reaction  with  starch.  The  objection  baa 
been  raised  that  this  experiment  succeeds  only  when  dying  protoplasm  is 
used,  and  another  theory  has  been  proposed,  namely,  that  the  oxidation  is 
carried  on,  not  by  the  protoplasm  its^,  but  by  some  unstable  sabstances 
which  are  excreted  by  living  matter,  and  which  therefore  occnr  on  the  mncous 
membranes,  in  the  saliva  and  elsewhere.  These  bodies  are  in  themselves 
reducing  agents,  bnt  in  the  presence  of  air,  as  in  the  respiratory  passages, 
their  oxidation  is  accompanied  by  the  liberation  of  "  active  oxygen  "  which 
in  tarn  oxidizes  the  iodides.  Another  explanation  which  has  been  given  for 
the  occnrrence  of  free  iodine  is  the  action  of  nitrites,  which  decompose  iodide 
of  potassium  in  the  preseacB  of  acids.  But  Anten  foimd  that  iodism  is  not 
induced  more  readily  in  a  susceptible  subject  when  the  nitrites  are  augmented 
in  the  tissues.  It  has  been  stated  recently  that  iodism  is  very  readily  elicited 
in  patients  whose  saliva  contains  mneh  sulphocyanide,  and  that  the  occnrrence 
of  this  body  in  the  secretions  of  the  respiratory  tract  is  responsible  for  the 
manifestations  of  irritation  induced  by  iodides.  Binz  has  found  that  some 
microbes  are  capable  of  setting  iodine  free  from  acid  solutions  of  the  iodides. 

Iodine  is  supposed  to  be  set  free  along  the  mucous  membrane  of  the! 
respiratory  passages  and  in  the  skin;  and  in  this  way  the  coryza  of  the  former,) 
and  the  eruptions  on  the  latter  are  explained.  It  must  be  noted  that  free 
iodine  has  not  yet  been  clearly  demonstrated  on  either  of  these  surfaces,  and 
that  the  theory  has  been  formulated  only  to  explain  the  symptoms  of  iodism. 
Iodides  have  been  found  in  the  nasal  secretion,  saliva  and  perspiration,  bnt 
no  free  iodine. 

T1)P  npntrfll  nervoim  aytf^imi  iin.^  f>ii.  mT^nioHnT.  mnj^fiy  a^em  to  be  affected 
bT  iodides.  Terv  large  onantitiBs  of  T>otawiic  iodide  'inJMteiA  into  a  vein  Me 
found  to  weaken  and  paralyze  the  heart  in  animal  a,  linf:^^^  not  seem  to  be 

nervous  spstflpi  maY  "i™  he  elicited  in  the  sMne  way  by  the  potasainm  action. 
Barbera  states  that  very  lai^  quantities  of  iodides  paralyse  the  depressor 
nerve  terminations  in  the  medulla  oblongata  and  weaken  the  peripheral  inhibi- 
tor; meebaniBm  of  the  heart,  while  Hunt  found  the  accelerator  fibres  less 
easily  fatigued  after  iodide.  The  metabolism  of  the  body  oppmn  litrto  BfFwt«^ 
bv-  iodides  in  most  cases,  but  a~  further  exammaiion  of  thp  pirnrAHnnp  of 
p^mVa  yho  lorn  weight  nnder  tne  treatment  is  ae8irai>Ie!  Fatty  degenera- 
timi  of  the  liver  is  stated  to  occnr  in  some  animals.  The  action  of  the  iodides 
in  therapeutics  has  been  ascribed  by  some  authors  to  their  rendering  the 
movement  of  the  leucocytes  (diapede^)  more  active,  bnt  no  satisfactory 
evidence  has  been  adduced  in  support  of  this.  Solutions  of  iodide  of  sodium 
are  found  to  be  more  poisonous  to  muscle,  cilia  and  uniceUular  organisms 
exposed  to  them  than  are  similar  solutions  of  the  chloride  or  bromide,  so  that 
the  iodide  ion  appears  to  be  more  fatal  to  protoplasm  than  the  bromide  and 
chloride  ion,  while  it  is  less  poisonous  than  the  fluoride.  In  the  frog  stiffness  . 
and  awkwardness  in  the  movements  are  elicited  by  comparatively  small  doses 
of  iodide  of  sodium  and  these  symptoms  have  been  shown  to  be  due  to  rigor 
mortis  occurring  in  the  muscles. 
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'lsCc~\        Aeidum  Hydriodicum  DUutum  (U.  8.  P.)i  10  per  c^iit.    0^  c.c.  (8  rnins.). 
I        Syrupiu  Addi  Hydriodici  (U.  S.  ?.)>  a  eyrup  coQtaiauig  iibont  1  per  cent 
**        f  by  ireigbt  of  bydriodic  acid.    4  c.c,  (1  fl.  dr.). 

IThe  iodides  form  colorless  ciystals  when  pure,  a  yellowish  tint  indicating 
the  presence  of  free  iodine.  They  are  very  soluble  in  water,  leea  bo  in  alcobo^ 
and  are  always  prescribed  in  wateiy  solutionfi,  and  often  along  with  carbo- 
nates of  soda  or  potash,  in  order  to  prevent  decomposition  as  far  aa  p088ible. 
The  iodide  of  lyftflMinni  is  the  one  moat  freqnently  used  and  is  less  liable  to 
contflllrfnflomne  than  the  others,  bni  iodide  ol*  soflllun  is  preferred  by  some; 
the  does  often  has  to  be  mnch  incressed  beyond  that  ffiven  above.  The  iodide 
of  ammonium  is  said  to  be  more  liable  to  cause  skin  eruptions  and  disturb- 
ance of  the  digestion  than  the  others.  Some  iodide  effects  may  also  be 
obtained  by  the  use  of  iodide  of  lead  or  mercury,  but  here  they  are  compli- 
cated by  the  action  of  the  metal,  and  these  will  be  discussed  along  with  the 
other  salts  of  lead  and  mercury.    The  external  application  of  iodides  is  not 

(attended  bj  any  general  effect,  though  some  irritation  may  be  induced  by 
iodine  being  Uberated  by  the  decomposition  of  the  fats;  small  qoantities  of 
iodine  are  absorbed  and  changed  to  iodides  in  the  tissues. 

Tbanpntle  Usos. — ^The  iodides  are  need  very  extensirelj  in  tbe 
treatment  of  terfi°'7  '^_TDb'^'°i  iQ  which  they  have  proved  invaluable. 
They  have  also  been  administered  in  the  earlier  stages  of  the  disease, 
but  have  proved  to  be  of  little  service  here.    In  syphilitic  bone  diseaae 

/and  ulcers,  and  in  the  gummata  (J  ttlgjyain  and  other  internal  organs, 
however,  a  remarkable  improvement  very  often  occurs  after  the  iodide 
treatment  has  been  adopted.  The  iodide  of  potassium  or  of  sodium 
is  almost  invariably 'used,  and  is  given  in  as  large  doses  as  the  patient 
can  bear,  often  up  to  5  G.  (75  grs.)  daily.  In  the  banning  of  the 
tertiary  manifestations  the  iodide  is  often  prescribed  along  with  mer- 
cury, and  this  combination  is  found  more  efficient  than  the  iodide 
alona  No  complete  explanation  of  the  action  of  the  iodides  in  syph- 
ilis has  been  given,  hut  it  seems  probable  that  they  act  as  a  specific 
poison  to  the  organism  of  syphilis.  In  particular,  the  relation  of  the 
iodides  and  mercury  in  this  disease  requires  elucidation. 
.  In  many  diseases  which  are  not  directly  attributable  to  syphilis, 
)  but  in  which  there  is  a  history  of  syphilis,  iodides  are  of  value ;  thus, 
nejjQilg^  and  other  nervous  disturbances  are  often  relieved  by  them 
in  persons  of  a  syphilitic  taint,  and  in  fact,  improvement  is  often 
observed  in  the  most  diverse  conditions  in  persons  who  have  formerly 
suffered  from  this  complaint. 

Another  series  of  symptoms  or  of  diseases  which  is  often  treated 
with  iodides  is  rheomatism  in  its  various  manifestations.  The  treat- 
ment is  of  tittle  value  in  acute  rheumatism,  and  in  fact,  often  fails  in 
the  chronic  disease,  but  is  occasionally  attended  with  improvement, 
although  the  exact  conditions  in  which  this  occurs  are  stilt  unknown. 
The  iodides  have  long  enjoyed  some  reputation  in  the  treatment  of 
goitre,  but  the  thyroid  extract  has  proved  much  superior  to  them  and 
promises  to  supplant  them  entirely,  as  their  effects  are  due  to  their 
action  on  the  thyroid  secretion.  The  same  may  be  said  regarding 
their  use  in  obesity,  which  was  found  to  be  successful  in  some  .cases, 
preeunisbly  of  thyroid  insufficiency.     In  normal  persons  and  animals 
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it  is  often  found  that  ioditlp°  "^^py  ^"""-^  *^  ^n/i-ooao  than  to  decreaae 
the  weight.  ' 

fSome  skin  eruptions  have  been  found  to  be  benefited  by  the  iodide 
treatment  eren  when  no  suspicion  of  syphilis  could  be  entertained. 
(Compare  thyroid  extract.) 

The  succese  attending  the  treatment  of  goitre  with  iodides  seems  to 
have  been  the  basis  of  their  use  in  cases  of  enlarged  lymphatic  glands, 
scrofula  and  lupus,  but  here  the  results  are  very  doubtful,  aldiougb 
some  authorities  allege  that  the  iodide  treatment  is  of  value.  There 
is  a  general  consensus  of  opinion  that  the  oldtrggtmentof  malignant 
flftT^prn^  auch  as  cancer  and  sarcoma,  with  intJidpa  ia  ^^^jeIeBB7* 

These  salta  are  somefittBTcredited  with  promotifgiBe  absorption 
of  serous  effusions,  and  the  removal  of  hypertrophy  of  connective 
tissue  in  the  body,  as  in  the  various  forms  of  sclerosis  and  cirrhosis. 
Their  effect  in  removing  the  syphilitic  gumma  was  evidently  the  origin 
of  their  use  here,  but  while  the  resolution  of  gummata  under  the 
iodides  is  beyond  question,  no  satisfactory  evidence  of  improvement 
in  these  non-syphilitic  affections  is  available. 

Aneurism  and  arteriosclerosis  have  often  been  treated  with  iodide, 
and  improvement  was  undoubtedly  observed  in  some  cases,  in  which 
there  was  probably  a  syphilitic  taint ;  but  there  seems  no  reason  to 
suppose  that  the  iodides  have  any  special  action  on  the  vessels  apart 
from  their  antisyphilitic  action,  for  no  change  in  the  heart,  pulse  or 
blood-pressure  can  be  observed  even  after  prolonged  treatment. 

Iodides  are  often  prescribed  along  with  other  remedies  in  £xpecto> 
rant  mixtures,  the  object  being  to  render  the  bropchial  mucus^more 
wfltftrv  and  Tpbs  tpnacionH.  and  thus  to  facilitate  its  removal.  In  some 
cUuijy  ul  astWa  they  have  been  found  of  value,  perhaps  from  the 
same  action. 

Iodide  of  potassium  is  generally  prescribed  in  chronin  poiH<;iTiinfr 
from  lead  or  mercury,  and  is  believed  to  hasten  the  elimination  of 
itiese  metals,  althougk  it  has  not  been  shown  that  it  is  of  more  value 
here  than  other  salts,  such  as  the  chlorides  and  bromides.  The  belief 
in  the  efficacy  of  the  iodides  in  mercury  poisoning  has  su^ested  that 
they  act  in  tertiary  syphilis  only  by  aiding  in  the  elimination  of  the 
mercury  stored  in  the  tissues  from  the  treatment  of  the  earlier  stages, 
but  this  is  incorrect,  for  the  iodides  are  of  value  in  cases  of  tertiary 
syphilis  in  which  mercury  has  not  been  previously  used. 

Finally,  iodide  of  potassium  is  sometimes  added  to  other  drugs  in 
cases  of  "ynnFi"^''"ri  '^^  ^^  which  it  is  suspected  that  the  patient  is 
not  taking  the  remedy  as  directed.  If  the  iodide  is  swallowed  it  can 
be  detected  in  the  urine  by  the  addition  of  a  fnir  d""!  r   '*  '^'1  liii" 

water  and  fff  °t'n-^>'  anlijtirin^  wbifbnt^l^liinpHtllftwqJl-JtTinTi^  \{\ye  ColpT. 

Iodides  have  to  be  used  with  care  in  cases  of  pulmonary  phthisis, 
in  which  they  often  increase  the  cough  and  expectoration,  and  in  some 
cases,  it  is  alleged,  cause  haemoptysis.  Children  have  sometimes  been 
found  to  suffer  with  iodism  from  being  nursed  by  a  person  under 
iodide  treatment. 
88 
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lodism  very  often  proves  a  disagreeable  accompaniment  of  the 
treatment,  and  is  sometimes  so  severe  aa  to  preclude  the  use  of  the 
salts,  BO  that  many  attempts  have  been  made  to  discover  some  expe- 
dient by  which  these  symptoms  may  be  avoided.  Most  of  these  were 
baaed  on  the  view  that  iodism  arises  from  the  action  of  nitrites  in  an 
acid  medium,  but  doubt  may  be  entertained  as  to  the  validity  of  this 
hypothesis,  and  there  can  be  little  question  of  the  inefficiency  of  sul- 
fanilic  acid  and  alkali  carbonate  treatment  in  cases  of  iodism.  There 
has  been  a  tendency  recently  to  ascribe  the  symptoma  to  the  tissues 
being  flooded  with  large  quantities  of  iodide,  which  are  necessary  on 
account  of  the  rapid  excretion,  and  this  has  led  to  the  introduction  of 
various  iodine  compounds,  which  are  slowly  formed  to  iodides  in  the 
tissues  (see  lodipin,  Sajodin,  p.  517).  These  seem  to  have  some 
iodide  eflfects,  but  in  grave  eases  recourse  should  be  had  to  .the  older 
and  more  reliable  iodides  of  the  alkalies. 

The  cutaneous  eruptions  are  said  to  be  less  liable  to  occur  when  the 
skin  is  kept  scrupulously  clean  by  frequent  bathing. 
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VL     IODINE. 

Iodine  possesses  a  local  irritant  action  similar  to,  though  less  intense, 

I  than  that  of  chlorine  and  bromine.     It  is  much  less  volatile,  and  there- 

I  fore  conies  into  contact  with  the  tissues  more  slowly  than  these,  but 

I  the  chemical  change  is  analogous,  and  iodidf-ji  and  pmtpJTi  i^nmpnimfla 

result. 

Actio& — When  applied  to  the  Skin,  it  dyes  it  a  yellow-brown  or 
dark  brown  color,  and  acts  as  an  irritant,  producing  »  ■^fnantion  of 
hflflt.  flpd  itj;bi'Tiff.  In  very  concentrated  solution  or  in  the  solid  form 
it  may  iransBKlistfinng  or  gven  pjifrnsinn,  but  it  acts  much  more  slowly 
than  most  other  irritants,  and  at  the  same  time  the  irritation  is  more 
prol(^ed.  It  penetrates  into  the  deeper  layers  of  the  skin,  and  small 
quBEuties  are  absorbed. 

The  Mqcohs  Uembranea  are  more  strongly  affected  by  contact  with 
it;  thus  when  its  vapor  is  inhaled  for  some  time,  smarting,  swelling 
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and  iTipTPHHPj  Hpt^rfitinn  ig  caused  in  the  nasal  mucons  membrane,  con- 
junctiva,  throat  and  lower  respiratory  passages,  resembling  exactly  the 
symptoms  known  as  iodism.  In  the  stomach  ^mall  (jnantities  may 
cause  slight  irritation  and  improved  appetite,  but  as  a  general  rule 
nausea,  discomfort  and  vomiting  follow  its  administration  in  any  save 
the  most  miillilfftlusty,  Jllld  occasionally  diarrhcea  has  been  observed 
after  it  from  irritation  of  the  bowel.  In  cases  of  poisoning,  the  irri- 
tation of  the  alimentary  canal  may  prove  fatal  by  inducing  collapse 
and  failure  of  the  heart  and  respiration,  and  iodine  may  be  recognized 
in  the  vomited  matter  and  in  the  stools. 

Solutions  of  iodine  Ipjectad  Subcntaneonaly  or  into  tumors  OTcyBts, 
a  common  method  of  treatment  tormerly,  cause  i^^ellHU  paifTanH  irri^ 
tation  which  may  induce  collapse  and  which  have  been  followed  in 
some  instances  by  aiippiirtitinTi  nnH  ftt^nftrom^ 

Iodine  is  Absorbed  in  the  form  of  iodides,  and  perhaps  in  a  combi- 
nation with  proteins.  Theordinary  iodalbnminate  obtained  by  adding 
iodine  to  albumin  is  a  very  loose  compound,  and  is  easily  decomposed 
by  dialysis,  or  by  heating  it  to  the  coagulation  point  of  the  albumin, 
when  the  iodine  is  obtained  free  or  in  combination  with  alkalies.  Sev- 
eral stronger  and  more  definite  compounds  have  been  formed  recently, 
and  it  is  not  impossible  that  the  iodalbuminate  formed  in  the  process 
of  absorption  is  of  a  similar  nature.  In  combination  with  albumin, 
iodine  fails  to  give  the  starch  reaction.  Its  Tata  In  the  Body  is  pre- 
cisely  similar  to  that  of  the  iodides — It  is  excreted  m  the  iorin  of 
iodides,  chiefly  by  the  kidneys,  to  a  less  extenFin  the  aaliva.  perspira- 
tion, milk  and  secretiOBB  of  the  respiratory  passages.  Tt  also  occurs 
in  the  stomach,  inlo  which  it  appears  to  be  excreted  as  hydriodic 
acid ;  free  iodine  has  been  detected  here  in  both  man  and  animals, 
and  is  probably  formed  by  the  decomposition  of  the  acid.  In  the 
normal  organism  iodine  is  contained  in  considerable  quantity  in  the 
tbvToid  gland  in  the  form  of  a  protein  compound,  thyreoglobulin,  and  in 
many  cases  the  administration  of  iodine  leads  to  an  increase  in  the 
formation  of  this  substance,  perhaps  by  actually  stimulating  the  secre- 
tory  cells  o±  the  thyroid,  but  more  probably  by  affording  them  a  larger 
amoant  of  a  necessary  constituent  of  their  secretiop  than  is  obtained 
in  ordinary  food. 

Small  quantities  of  iodine  may  be  given  internally  to  many  persons 
without  eliciting  any  symptoms  except  those  which  are  clearly  due  to 
the  local  action.  Repeated  doses,  however,  sometimes  cause  symp- 
toms resembling  those  observed  after  iodides  (lodlam),  although  these 
have  been  much,  less  often  induced  by  iodine,  which  is  comparatively 
seldom  administered  internally.  Skin  affections  seem  to  be  extremely 
rare  and  irritation  of  the  respiratory  tract  is  seen  less  often  after 
iodine  than  after  the  iodides,  but  (edema  of  the  larynx  has  been  ob- 
served, and  in  rare  cases  cough  and  the  expectoration  of  a  watery 
secretion  tinged  with  blood.  Anuria  and  albuminuria  have  occurred 
in  a  few  instances.  Many  other  symptoms  which  have  been  obsprved  { 
under  iodine  treatment  obviously  arise  from  the  formation  of  iodotby- 

D,.lz.:L:L.OOglC 


'^         516       .        iwoBGJWJc  s^trs,  Acwa  and  B^5Esr*^*^H**-=^lT6  -&■•'*■ 
ilu^  -5f«  » +  io7»  Kt  -  o.r «.<^ 

rin  in  exceasbv  the  thyroid  f^land.  and  are  especially  noticeable  in 
I  goitre.  Among  these  are  fever  with  lose  of  flesh  and  shrinking  in 
I  size  of  the  thyroid,  mamnue  and  testes,  acceleration  of  the  pulse  and  a 
I  curious  nervous  condition  in  which  the  patients  become  restless, 
I  anxious  and  irritable,  and  Buffer  from  sleeplessness  and  often  from 
tremor,  which  sometimes  simulates  chorea. 

The  symptoma  induced  by  iodine  after  absorption  thus  resemble  in 
general  features  those  following  the  use  of  the  iodides,  but  while  the 
latter  tend  to  cause  irritation  of  the  skin  and  respiratory  tract,  the 
chief  effects  of  iodine  after  absorption  are  due  to  its  action  on  the 
,  thyroid  gland,  the  effects  on  the  ^in  and  mucous  membranes  being 
less  prominent. 

The  effects  of  iodine  on  the  Hetaboiism  are  still  a  matter  of  dispute, 
some  authors  finding  no  alteration,  while  others  state  that  the  excre- 
tion of  urea  is  increased.  They  probably  differ  in  different  indi- 
viduals according  to  the  condition  of  the  thyroid  gland. 

Some  Oases  of  Poigonhig  from  the  injection  of  large  quantities  of 
iodine  into  cysts  have  been  recorded.  In  Rose's  well-known  case,  the 
chief  symptoms  were  thirst,  constant  vomiting,  the  vomited  matter 
containing  iodine,  cyanosis  and  coldness  of  the  skin,  a  small,  weak 
pulse,  anuria  and  skin  eruptions  after  a  few  days ;  and  death  occurred 
on  the  tenth  day.  In  such  cases  of  poisoning  in  man  the  mucous 
membrane  of  the  stomach  and  intestine  has  been  found  swollen  and 
loosened,  and  in  animals  fatty  degeneration  of  the  liver,  heart  and 
kidney  has  been  described. 

Injectedintotheveinsof  animals,  iodine  causes  cedema  of  the  lungs, 
which  V.  Zeissl  considers  to  be  due  in  part  to  changes  in  the  left  ven- 
tricle, in  part  to  contraction  of  the  pulmonary  arterioles. 

The  muscles  of  the  frog  are  thrown  into  a  state  of  rigor  by  iodine 
in  the  same  way  as  by  the  iodides. 

Iodine  dissolves  the  red  blood  corpuscles  when  it  is  brought  in 
contact  with  them  outside  the  body,  and  forms  a  combination  with 
haemoglobin. 

FbEF  ABATI O  HS. 

lodom  (U.  8.  P.,  B.  P.),  iodine,  is  not  used  in  therapentice. 
01^*-  Tinctura  lodi  (U.  S.  P.),  7  per  cent.,  0.1  c.c.  (li  mins.). 

Tinctura  lodi  (B.  P.),  21  per  cent.,  2-5  mins. 
J,    Liquor  lodi  Compositus  (U,  S.  P.),  Lngol'a  Solution,  contains  5  per  cent. 
"'^  dissolved  in  10  per  cent,  potaseium  iodide  solution.    0.2  c.c.  (3  mins.). 

Unguentum  lodi  (U.  S.  P.,  B.  P.),  4  per  cent. 

Liquor  lodi  Fortis  (B.  P.),  Iodine  Liniment,  aboat  14  per  cent. 

Sulphuric  lodidum  (U.  8.  P.,  B.  P.)  is  a  mixturs  of  iodine  and  aulphnr, 
part  of  which  may  be  in  chemical  combination.  It  resembles  iodine  in  its 
action  on  the  skin. 

Vngueutvfa  Sulphuria  lodidi  (B.  P.). 

The  compound  solution  of  iodine  is  the  preparation  best  fitted  for  internal 
use,  although  the  tincture  is  also  employed.    Both  should  be  given  after 
meals  and  as  far  as  possible  diluted  with  demulcent  preparations,  in  order    . 
to  avoid  irritation  of  the  stomach. 

For  injection  into  cysts  or  tumors  the  compound  liquid  is  also  the  best 
preparation,  as  it  is  less  irritant  than  the  tinctura. 
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^       The  tincture,  ointment,  the  strong  solatios  (6.  P.)  and  the  sulphur  iodiaa   t 
preparation  may  be  used  for  external  application. 

Therapentic  UBas. — Iodine  has  been  used  internally  in  a  variety  of   . 
chronic  conditions,  such  as  syphilis  and  goitre,  and  in  tubercular  dis- 
ease of  the  glands,  bones  and  other  organs,  but  it  has  been  almost 
entirely  superseded  by  the  iodides,  and  in  goitre  by  the  thyroid 
preparations. 

The  internal  nee  of  iodine  has  nndei^ne  a  revival  quite  recently,  but  I 
instead  of  the  older  eotntions,  new  preparatione  have  been  introduced,  such  J 
as  the  combinatione  with  proteins  {Eigon,  lodolen),  or  with  fats  (Zoffipin),! 
or  with  other  organic  bodies  {Sajodiit).  These  owe  their  action  to  the  forma- 1 
don  of  iodides  in  the  alimentary  tract  and  tissues,  and  iodides  may  be  detected  I 
in  the  urine  soon  after  their  administration.  The  decomposition  proceeds  | 
slowly,  however,  and  the  iodide  reaction  is  given  by  the  urine  for  weeks  after 
one  administratioii.     lodipin  has  also  been  given  hypoilermically. 

Iodine  has  been  applied  locally  by  painting  on  the  skin  in  a  variety  . 
of  chronic  inflammatory  processes,  such  as  tubercular  glands,  pleuritic 
effusion  and  tubercular  or  rheumatic  joint  disease.     Its  action  here 
consists  simply  of  a  mild  lasting  irritation  of  the  ekin,  which  inducefl 
some  congestion  in  the  subcutaneous  tissues  and  may  thus  aid  in  the 
absorption  of  exudates  in  them  and  may  also  influence  the  deeper    i 
lying  tissues  and  oi^ns  in  the  same  way  as  other  irritants  (see  page 
81).    There  is,  however,  nothing  fppp'^"  '"  'tg  action,  and  it  differs  i 
from  the  other  ekin  irritants  only  in  being  milder  in  action  and  more  \ 
enduring  in  its  effects.     It  seems  unlikely  that  the  small  quantity 
absorbed  can  have  any  appreciable  action.     Some  beneflt  often  followsi 
from  this  use  of  iodine  in  chronic  inflammations,  but  there  is  no  qnefr* 
tion  that  it  is  very  often  applied  where  more  active  surgical  measures 
are  really  required. 

Iodine  has  been  very  frequently  injected  into  cysts  in  order  to 
induce  inflammation  and  adhesion  of  their  walls,  and  thus  to  oblit- 
erate the  cavity.  But  the  progress  of  surgery  has  reduced  its  use  for 
this  purpose  and  it  promises  to  pass  into  desuetude. 

BiBLIOa&AFHY. 

See  Iodides,  Thyroid  Extract. 
,  lAebreeM.    Centralbl,  t.  Phjsiol.,  1897,  p.  835. 
Sofmeitter,     Ztsehr.  f.  phya.  Ohem.,  niv.,  p.  159. 
Wintemiii.     Ibid,,  niv.,  p.  425. 
IrBrene.     Amer.  Journ,  of  Phys.,  ii.,  p.  15. 

TIL    lODOFOBll 

A  number  of  iodine  compounds  have  been  introduced  into  thera- 
peutics as  applications  to  wounded  surfaces.  The  most  widely  known 
of  these  is  lodolorm  (Uijigj,  which  corresponds  in  its  chemical  struc- 
ture to  chloroiorm,  and  lorms  a  yellow,  crystalline,  insoluble  powder 
with  an  intensely  disagreeable  odor.  It  has  been  used  very"?Slen- 
sively  in  surgery  and  has  given  rise  to  poisoning  in  a  number  of  cases. 
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BympUaoB. — The  Bymptoma  of  iodoform  intozicatioD  in  man  gen- 
erally set  in  with  _anxiely.  general  depression  and  (jjgpnmfnrf  The 
patient  becomes  sleeplfiga.  and  rpgjjflsq,  cnmplflinB  f>f  giddinflss  and 
hje^dache  and  often  of  the  taste  and  odor  of  iodoform  in  the  month 
and  nose.  The  pulsp  is  generally  greatly  accelerated,  and  a  rise  of 
temperature  is  saioto  have  occurred  in  some  cases  in  which  no  septic 
poisoning  could  he  found  to  account  for  it.  The  depression  deepens 
into  J:rue  melanchdia  accompanied  by  hallucinations,  the  patient  often 
suffering  from  the  illusion  of  persecution,  whiclTTnay  induce  him  to 
attempt  suicide.  As  a  ^neral  rUle  This  melancholia  is  followed  by 
attacks  of  yiolent  jpljrjinn  and  mania,  lasting  for  hoursor  days,  and 
in  fatal  cases,  by  collapse  and  de^."  In  otlier  cases  tte  condition  has 
passed  intP'permanent  inanity  and  dementia.  A  rarer  result  of  the 
absorption  ortodoTorm  is  tf eep  sle'^^IHSgiBg  into  stupor  and  collapse 
without  any  symptoms  of  cerebral  excitement. 
I  In  milder  cases  of  poisoning  the  patient  suffers  only  from  the 
I  unpleasant  taste  and  odor,  from  headache  and  not  infrequently  from 
I  nausea  and  vomiting. 

In  the  dog  and  cat  iodoform  generally  causes  deep  sleep  and  stupor, 
with  lessened  excitability  of  the  spinal  cord  and  of  the  motor  areas  of 
the  hrain.  In  the  frog  it  paralyzes  the  central  nervous  system  and 
the  heart  without  eliciting  any  symptoms  of  excitement.  No  narcosis 
is  observed  in  the  rabbit  even  after  fatal  doses. 

The  symptoms  most  characteristic  of  iodoform  poisoning — ^those  of 
delirium  and  mania — are  evidently  due  tn  por^^fgl  f^i'atnrhnTiff,  hut 
nothing  is  known  as  to  the  nature  ofme  changes  in  the  brain.  No 
other  poison  elicits  these  symptoms  in  the  same  intensity  and  of  equal 
^luration,  and  no  similar  effects  have  been  met  with  in  animals. 

Acceleration  of  the  heart  has  been  noted  in  many  cases  of  poison- 
ing.    After  prolonged  administration  albuminuria  is  often  observed 
in  animals,  and  the  thyroid  secretion  has  been  found  to  be  increased 
to  a  very  considerable  extent  by  iodoform,  as  by  other  bodies  which 
free  iodine  in  the  tissues. 
I      After  fatal  iodoform  poisoning  in  man  and  animals,  the  liver, 
1  kidney,  Leart  and  muscles  are  generally  found  to  have  undergone 
/  fflttv  ■d<>g^npration.     In  addition,  irritation  of  the  gastric  and  intes- 
I  tinal  mucous  membrane  has  been  observed,  and  the  epithelial  cells  are 
J  often  degenerated.     Ecchymoses  occur  beneath  the  endocardium,  in 
the  kidney  and  elsewhere,  and  congestion  of  the  meninges  is  described. 
Abionition  and  Excretion, — Iodoform  is  readily  decomposed  in  the 
presence  of  alkaline  fluids  and  in  protein  solutions,  and  some  decom- 
position undoubtedly  takes  place  in  wounds;  the  iodine  liberated  com- 
bines with  the  alkalies  of  the  fluids  to  form  iodidee,  for  these  have 
been  diown  to  be  present,  and  iodalbuminates  are  presumably  formed 
in  the  same  way  as  by  free  iodine.    Some  of  the  iodoform  is  perhaps 
absorbed  unchanged.     After  iodoform  absorption,  iodine  has  been 
'  shown  to  be  present  in  the  saliva,  perspiration  and  bronchial  secretion, 
as  after  the  ingestion  of  iodine  or  iodides;  but  it  is  chiefly  excreted  in 
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tte  nrine  in  the  form  of  iodideB.  The  tissues  apparently  retain  it 
very  tenaciously,  for  iodides  have  been  found  in  the  urine  for  more 
than  a  month  afttr  the  administration  of  iodoform. 

In  considering  the  symptoms  of  iodoform  intoxication,  it  must  be 
recognized,  therefore,  that  a  very  complex  condition  is  present.     Some    1 
iodoform  may  circulate  in  the  blood  nnchanged  and  give  rise  to  the    | 
cerebral  symptoms.     Other  symptoms  are  due  to  the  presence  of   | 
iodine  and  iodides  in  the  blood  and  tissues.     Lastly,  the  acceleration 
of  the  heart  and  some  other  symptoms  are  due  to  abnormal  activity 
of  the  thyroid  secretory  cells.     It  is  possible  that  the  cerebral  symp- 
toms may  arise  from  the  thyroid  gland  through  the  action  of  iodo- 
form on  it,  but  this  has  not  been  demonstrated. 

Poisoning  with  iodoform  is  much  more  liable  to  occur  in  adults 
than  in  children.  Serious  symptoms,  especially  mental  symptoms, 
are  often  developed  only  after  somewhat  prolonged  administration, 
but  in  renal  disease  the  iodoform  products  are  excreted  more  slowly 
than  usual,  and  are  liable  to  accumulate  in  the  tissues,  so  that  it  is  to 
be  used  with  caution. 

Iodoform  has  no  marked  Local  Action  on  the  skin  or  mucous  mem- 
branes. When  applied  to  wounded  surfaces  it  sometimes  causes  some 
irritation  in  the  neighborhood  and  even  exanthemata,  but  these  are 
rare,  and  appear  to  occur  only  in  persons  predispos^  to  cutaneous 
disease.  It  seems  to  have  some  aneestlietic  action,  when  applied  in 
large  quantity  to  wounded  surfaces.  Iodoform  was  at  first  applied 
to  wounds  in  the  belief  that  its  Antiaoptic  properties  were  equal  to  or 
even  exceeded  those  of  carbolic  acid.  It  has  been  shown,  however, 
that  it  possesses  little  or  no  influence  on  the  cultures  of  most  of  the 
pathogenic  microbes,  for  the  spores  often  develop  as  rapidly  after 
having  been  subjected  to  iodoform  as  in  the  control  cultures.  It  has 
therefore  been  suggested  that  while  iodoform  in  itself  possesses  no 
antiseptic  virtues,  the  iodine  formed  from  it  in  the  wound  may  retard 
the  growth  of  septic  germs.  And  in  regard  to  this  point  bacteriolo- 
gists are  not  agreed,  for  while  several  investigations  tend  to  show 
that  microbes  drawn  from  wounds  under  iodoform  treatment  are  not 
retarded  or  weakened  in  their  development,  other  experiments  indi- 
cate that  the  virulence  of  some  germs  is  reduced.  Some  of  the  advo- 
cates of  the  iodoform  treatment  therefore  ascribe  its  results  to  this 
slight  antiseptic  action  of  the  iodine,  while  others  suppose  that  it 
dimini^es  the  secretion  of  the  wounded  surface  and  thus  affords  a 
less  suitable  medium  for  the  growth  of  the  germs;  in  this  relation  it 
may  be  mentioned  that  Binz  found  the  emigration  of  the  leucocytes 
from  the  blood  vessels  hindered  by  the  local  application  of  iodoform. 
Finally  iodoform  may  retard  the  growth  of  microbes  to  some  extent 
by  forming  a  crust  over  the  wounded  surface,  and  mechanically  pre- 
venting them  from  penetrating  to  it. 

The  intensely  disagreeable  odor  of  iodoform  and  the  considerable 
nnmber  of  cases  of  poisoning  noted  under  its  use  have  led  to  the  intro- 
duction of  numerous  substitutes  in  the  last  ten  years.     Some  of  these 
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h&ve  been  shown  to  be  practically  wortbless  and  have  been  discarded, 
while  the  greater  number  are  apparently  used  more  or  less  widely,  but 
accurate  data  as  to  their  value  cannot  be  obtained.  None  of  them 
seem  to  be  very  poisonous,  and  in  m(»t  of  them  the  iodine  of  the  mole- 
cule is  not  liberated  in  the  wound  or  tissues.  It  is  of  course  impos- 
sible to  state  how  far  they  are  capable  of  replacing  iodoform,  as  long 
as  their  exact  action  in  wounds  is  unknown. 

The  first  of  these  substitutes  was  iodol  or  tetraiodpyrrol  (C,I,NH),  vhich 
has  no  odor  or  taste,  is  insolnble  in  water,  but  is  absorbed  from  mucous  enr- 
faces  and  from  wounda.  It  is  decomposed  in  the  tissues,  and  leads  to  the 
excretion  of  iodides  in  the  urine,  and  in  verylarge  doses  gives  rise  to  symp- 
toms in  animals  resembling  those  produced  by  iodoform.  Others  are  ariatol 
or  dithymol-diiodide  (C,n,CH,CrH,OI)^  and  the  aoioiodolates  of  potassiam, 
sodium,  mercury  and  zinc.  Sozoiodolic  acid  is  phenol-sniphonic  acid  in  which 
two  atoms  of  hydrogen  have  been  substituted  by  two  atoms  of  iodine 
(C^J^OSO.OH).  Iodine  compounds  of  phenol-phthalein  are  known  by 
Uie  trade  names  of  nosophen,  antinoaine  and  eudoxine.  Triiodocresol  is 
known  as  losophan,  while  europhen  is  a  more  complex  combination  of  cresol 
and  iodine;  loretin  and  vioform  are  derivatives  of  quinoline  containing 
iodine.  (See  also  under  Bismuth  and  Alum.)  These  later  "  substitutes  "  for 
iodoform  differ  entirely  from  it  and  from  iodol  in  the  fact  that  iodine  is  not 
liberated  by  the  tissnee;  that  they  pass  through  the  body  unchanged,  as  far 
as  the  iodine  is  concerned,  and  that  they  are  said  to  be  entirely  devoid  of 
poisonoos  effects,  and  in  fact  of  any  action,  save  as  local  antiseptics.  They 
are  almost  all  phenol  derivatives,  and  any  virtues  they  possess  may  prove  to 
be  due  to  this  fact  mainly,  and  not  to  their  containing  iodine.  They  are  all 
less  used  at  the  present  time  than  a  few  years  ago. 

PBEPAB4TI0N8. 

lodoformnm  (TJ.  S.  P.,  B.  P.),  iodoform  (CH^),  forms  small,  lemon- 
^  colored  crystals,  possessing  a  very  penetrating,  persistent  and  disagreeable 
.■^i-  ra  ^oj  ^jj^  taste,  practically  insoluble  in  water,  soluble  in  alcohol,  ether,  fixed 
oils,  glycerin,  etc.    0.03-0.25  G.  (1-4  grs.),  in  pills  or  capsules. 

TjKQOKimJK  loDOTORUi  (U.  S.  p.,  B.  p.),  contains  10  per  cent,  iodoform. 

lodolum  (U.  S.  P.),  C.I.NH,  a  light  grayish-brown  crystalline  powder, 
tasteless,  odorless,  insoluble  in  water.     Dose,  0.25  O.  (i  grs.). 

Thymolii  lodidum  (U.  S.  P.),  ArUtol  (C^.CH,-C.H,-OI),),  a  yellowish- 
brown  powder  resembling  iodol  in  its  properties. 

The  Soioiodolate  of  potassium  is  slightly  soluble  in  water,  the  sodium  and 
zinc  salts  more  soluble.  Mercury  forms  an  insoluble  salt  which  may  be  dis- 
solved by  the  addition  of  sodium  chloride. 

Therapeutic  Uses. — Iodoform  has  been  used  to  ft  very  limited  extent 
internally  in  the  treatment  of  syphilis,  and  as  an  intestinal  disinfec- 
tant. It  ia  chiefly  e];npl(;iYed  Jn  surreal  treatment  as  an  application 
^  ■<iyft^itii^a  nl^^Ti  iH^easfU  an3  b\irns.  In  (fanuitlLtne  surfaces  with  a 
profuse  secretion,  andTiTslowly  healing  abseees  cavities,  it  seems  to 
be  especially  valuable.  It  may  be  applied  as  a  dusting  powder,  as  an 
ointment,  or  in  gauze  or  bandages  saturated  with  it.  It  has  been 
shown  that  it  has  very  weak  antiseptic  properties,  and  many  surgeons 
take  the  precautiori  "f  f^isinfpr.tinfr  the  iwwder  before  applying  it,  and 
use  it  for  its  fifed,  nn  the  tissues  of  the  wound  and  not  for  its  effects 
on  the  germs.     Applied  in  ordinary  quantity  to  small  surfaces  it 
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seems  to  be  a  perfectly  safe  remedy,  easea  of  poisoning  occurring  only 
wben  large  cavities  are  plugged  with  it,  or  when  it  is  applied  to  very 
large  absorbent  surfaces.  .  Many  attempts  have  been  made  to  disguise 
its  disagreeable  odor,  but  have  been  attended  with  only  moderate 
success.  Among  the  best  of  the  many  perfumes  suggested  for  this 
purpose  is  cumarin,  which  is  contained  in  large  quantity  in  the  Tonka 
bean. 

Iodoform  has  been  credited  with  some  specific  action  in  tubercular 
disease,  but  has  proved  almost  inert  towards  the  bacillus.  The  favor- 
able results  in  the  local  treatment  of  tubercular  abscesses,  laryngeal 
ulcere  and  similar  conditions  may  with  greater  probability  be  attrib- 
uted to  its  action  on  the  granulation  tissue.  In  syphilitic  ulcers  and  I 
chancres,  iodoform  has  been  used  very  largely  and  with  good  effects.  ' 

lodol  may  be  used  as  a  substitute  for  iodoform,  and  is  applied  in 
the  same  way.  The  sozoiodolates  are  used  as  powders  or  ointments, 
or  in  the  case  of  the  sodium,  zinc  and  mercury  salts,  in  solution. 
The  last  is  poisonous,  and  is  comparable  to  corrosive  sublimate  in 
its  effects. 
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vm.    THYKOID  GLAIID. 

The  treatment  of  certain  diseases  by  the  administration  of  thyroid 
gland  and  its  extracts  is  one  of  the  most  aatiffffpti^rv  PTi^piplps  of 
rational  therapeutic  progress,  and  the  steps  which  led  to  its  adoption 
may  therefore  be  briefly  mentioned.  In  1882-3,  Kocher  and  Reverdin 
published  observations  made  on  patients  whose  thyroids  had  been 
totally  extirpated,  and  who  had  subsequently  presented  a  series  of 
symptoms  to  which  these  observers  gave  the  name  of  cachexia  thyreo- 
privfl.  They  pointed  out  that  this  condition  resembled  in  many  of  its 
features  myxcedema,  a  disease  discovered  by  Gull  some  years  before 
and  associated  with  atrophy  of  the  thyroid  gland.  These  observations 
were  confirmed  by  a  number  of  authors,  who  removed  the  thyroids 
from  animals,  and  found  a  cachexia  appear  In  them.  The  next 
advance  was  tbe  discovery  that  these  symptoms  In  animals  could  be 
removed,  or  at  any  rate  ameliorated,  by  grafting  pieces  of  thyroid  in 
the  peritoneal  cavity  or  subcutaneous  tissue.  Horaley  suggested  that 
myxcedema  should  be  treated  in  the  same  way,  and  Murray  soon  after- 
wards introduced  the  treatment  of  this  disease  by  the  subcutaneous 
injection  of  thyroid  juice.     Even  in  his  first  case,  the  results  were 

D,.lz..L,L.OOglC 


emineutly  satisfactoiy,  but  it  was  aoon  found  that  the  same  results 
could  be  obtained  by  administration  by  the  stomach,  and  a  lar^ 

I  number  of  cases  have  now  been  recorded  in  which  very  favorable 
results,  or  even  the  complete  disappearance  of  the  symptoms  has  fol- 
lowed this  medication.  These  include  not  only  myxcedematous  pa- 
tients, but  also  cases  in  which  the  thyroid  was  removed  by  surgical 
operation,  or  where  its  disease  gave  rise  to  symptoms.  That  the 
favorable  results  are  due  to  the  treatment  is  proved  conclusively  by 
the  return  of  the  symptoms  when  it  is  abandoned. 

The  effect  of  the  diyroid  extract  could  be  explained  only  by  the 
presence  of  some  chemical  principle,  for  the  preparation  of  coarse 
contained  no  living  cells.  In  the  last  few  years,  numerous  researches 
have  been  carried  out  with  the  object  of  isolating  this  principle.^     It 

I  is  found  in  the  cfllloid  contents  of  the  eland  follicles  in  the  form  of 
a  globulin,  ihyr,goglohut^,  which  may  be  extracied  from  the  colloid 
and  gives  the  ordinary  jjjaitein  reactions,  but  is  characterized  by  con- 
taining a  amflll  lyirc^ufay.  fif  jodine;  Baumann's  detection  of  this 
element  in  the  thyroid  gland  was  the  first  intimation  that  it  existed 
in  the  tissues  of  the  higher  animals  and  man.  Thyreoglobulin  is  not 
completely  saturated  with  iodine,  for  it  forms  a  higher  combination 
with  it  in  the  test-tube,  but  then  loses  its  specific  action  on  the  animal 
oi^anism.  When  it  is  subjected  to  acids  or  to  artificial  digestion  it 
undergoes  hydrolysis  like  other  proteins,  and  among  the  products 
Baumann  found  an  insoluble  non-protein  body  containing  practically 
all  the  iodine  of  the  gland,  which  he  named  iodotkyrin;  this  does  not 
seem  to  be  a  definite  substance,  however,  but  is  a  mixture  of  peptides 
combined  with  iodine.    Himt  has  shown  that  the  iodine  compotmd 

I  is  not  the  only  active   principle   in  the  gland,   for  thyroids  con- 
taining no  iodine  have  a  certain  degree  of  activity,  though  this  is 
greatly  inferior  to  that  of  glands  containing  iodine.     He  su^ests 
that  the  thyreoglobulin  ia  therapeutically  active  even  when  it  contains 
no  iodine,  but  that  when  it  is  combined  with  iodine  it  is  much  increased 
in  power.     In  fact  the  amount  of  iodine  in  the  gland  may  he  inferred 
,  fairly  accurately  by  the  changes  induced  by  its  administration.     In 
//  the  gland  there  may  exist  thyreoglobulin  in  very  different  degrees  of 
[/  combination  with  iodine,  and  the  products  of  hydrolysis  accordingly 
I'  contain  different  iodine  compoimds.    At  present  tie  efficiency  of  the 
gland  cannot  he  measured  by  the  amount  of  any  of  the  compounds, 
but  only  by  that  of  the  iodine  itaelf,  and  this  varies  a  good  deal  in 
different  animals  and  in  different  individuals  of  the  same  species. 
For  example,  less  is  found  in  the  glands  of  children  than  in  adults, 
and  after  middle  age  it  lessens  again.     Meat  diet  diminishes  the 
amount  of  iodine,  either  because  it  makes  greater  demands  on  the 
supply,  or  because  too  little  iodine  is  ingested  in  the  food.     Vegetable 
foods,  especially  those  containing  much  iodine,  such  as  beetroot  and 
the  marine  algie,  increase  the  iodiup  of  the  thyroid  gland.     Iodine 
'  No  attempt  la  made  to  follow  the  chrnnnlogieal  order  of  these  reeearebes. 
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given  medicinally  &1so  augments  it,  and  not  only  iodine  itself,  but 
variouB  combinations,  Buch  as  iodoform  and  iodides. 

Thyreoglobulin  and  iodothyrin  induce   the  same   effects  as  the 
extract  both  in  myxcedema  and  goitre  in  man  and  in  excision  of  the 
thyroid  in  animals.     This  has  been  disputed  until  recently,  owing  to 
the  fact  that  in  many  cases  the  parathyroid  glands  have  been  removed 
along  with  the  thyroid  in  animal  experiments.     Now  the  removal  of 
the  parathyroids  in  d<^  (on  which  the  experiments  have  generally 
been  performed)  leads  to  a  series  of  symptoms  arising  from  the  cen- 
tral nervous  system,  and  these  are  not  affected  by  thyroid  medication. 
When  the  thyroid  alone  is  removed,  the  symptoms  are  relieved  by 
iodothyrin,  thyreoglohpUn,  or  thyroid  ps^rftct,  and  the  two  first  there- 
fore represent  the  whole  therapeutic  virtues  of  thyroid  extract,  although 
it  is  possible  that  the  gland  may  have  other  functions  than  secretion. 
Thyroid  preparations  are  thus  used  to  replace  the  secretion  of  the 
thyroid  gland,  when  it  is  deficient  from  any  cause.     The  function  of  J 
the  thyroid  gland  is  still  very  obscure,  however,  although  it  is  now  I 
certain  that  it  is  of  great  importance  in  the  metabolism,  as  is  clearly  I 
shown  by  the  disastrous  results  of  its  removal  or  atrophy.     The  results  ' 
of  the  injection  of  the  thyroid  extract  have  also  thrown  much  light  on 
the  working  of  this  mysterious  organ. 

Action. — The  thyroid  extracts  and  iodothyrin  seem  to  be  devoid  of 
effect  in  many  normal  animals  and  patients,  unless  when  given  in 
enormous  quantities.  In  others  they  cause  «ome  unpleasant  symp- 
toms, which  occur  more  especially  in  myxoedema  and  goitre.  These 
symptoms  are  partly  subjective  and  indefinite,  such  as  headache,  wan- 
dering pains,  or  general  weakness,  while  others  are  evidently  due  to 
circulatory  changes,  and  consist  of  a  feeling  of  fullness  and  congestion 
of  the  head,  palpitation  of  the  heart,  and  acceleration,  sometimes 
weakness,  of  the  pulse.  Tremors  in  the  arms  and  l^s  point  to  changes 
in  the  central  nervous  system,  while  loss  of  appetite  and  diarrhcea 
indicate  that  the  alimentary  canal  is  not  exempt  from  its  influence. 
Perspiration  is  often  complained  of,  especially  in  myxcedema,  and  a 
rise  of  temperature  also  occurs  not  infrequently. 

In  normal  animals  thyroid  extract  injected  intravenously  in  large 
quantities  generally  aivAlprHtpfl  thp  bgflrt;  anH  Inwpra  the  blood-pressure 
somewhat,  and  even  when  given  by  the  mouth  repeatedly  for  several 
days,  it  canses  some  acceleration.  This  acceleration  of  the  heart  has 
been  attribnted  by  some  investigators  to  stimulation  of  the  accelerator 
centre,  by  others  to  direct  action  on  the  heart ;  it  does  not  seem  to  be 
due  to  any  changes  in  the  inhibitory  apparatus. 

Loss  of  flesh  and  thirst  have  been  observed,  even  when  the  appetite 
is  good  and  sufficient  food  and  water  are  supplied.  The  urine  is 
uniformly  increased  in  amount.  A  number  of  observers  have  found 
that  the  continued  administration  to  animals  of  thyroid  preparations 
in  large  amounts  leads  to  diarrhoea,  muscular  weakneea,  especially  in 
the  hind  extremities,  emaciation,  gastro-enteritis,  nephritis,  and  fatty 
d^ieneration  of  various  organs.     In  other  instances  no  such  symptoms 
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have  been  elicited,  the  animals  remaining  perfectly  normal  after  pro- 
longed treatment, 

(Some  of  the  Bymptoms  induced  in  man  by  an  overdose  of  thyroid 
resemble  those  seen  in  exophthalmic  goitre  or  Qraves'  (Basedow's) 
disease,  and  exophthalmos  has  been  observed  in  monkeys  to  which 


large  amounts  of  thyroid  were  given. 

Aa  may  be  gathered  from  the  above,  great  discrepancies  occur  in 

I  the  accounts  of  the  effects  of  thyroid  on  normal  animals.  The  acceb 
eration  of  the  heart  and  the  fall  jn^eight  see^Uo  be  the  most  common 
results. 

The  effects  of  thyroid  extract  on  the  Metabdlm  have  been  repeat- 

(edly  examined,  with  very  uniform  results.  One  of  the  most  striking 
features  in  many  individuals  is  the  rapid  loss  of  weight,  which  often 
amounts  to  several  pounds  per  week.  Another  is  the  increase  in  the 
amount  of  nitrogen  in  the  urine,  which  occurs  both  in  goitre  and 
myxoedema,  and  very  often  in  apparently  normal  persone.  More 
nitrogen  is  excreted  in  the  urine  frequently  than  is  taken  in  the  food, 
that  is  to  say,  the  treatment  leads  to  the  destruction  of  the  proteins  of 
the  tissues.  If  more  nitrt^enoua  food  be  given,  however,  this  may  be 
arrested,  and  in  fact  if  large  quantities  of  meat  be  taken,  less  nitrogen 
may  be  excreted  than  is  taken  in  the  food,  so  that  although  the  patient 
is  losing  in  weight,  he  may  be  actually  increasing  in  nitrogenous 
tissue.  If,  on  the  other  hand,  a  patient  has  been  pnt  in  nitrogenous 
equilibrium,  and  then  under  thyroid  medication  excretes  more  nitro- 
gen than  he  ingests,  this  excessive  tissue  waste  is  not  stayed  by 
increased  carbohydrates  and  fats ;  that  is,  the  carbohydrates  and  fats 
cannot  replace  nitrogenous  food  to  the  same  extent  as  in  normal  indi- 
I  viduals.  Thyroid  has  thus  a  specific  effect  in  increasing  the  waste 
I  of  the  proteins  of  the  body.  But  this  increased  waste  of  the  proteins 
1  only  accounts  for  about  one-sixth  of  the  loss  of  weight,  the  other  five- 
Isixtbs  being  evidently  due  to  the  more  rapid  oxidation  of  fats  and  the 
■removal  of^uid  from  the  body.^  The  more  rapid  oxidation  is  further 
Uvidenced>by  the  increased  amount  of  oxygen  absorbed  and  of  carbonic 
fccid  exh&led  by  the  lungs  in  cUses  of  myxoedema  and  sometimes  in 
jobemty  and  ^itre  treated  with  the  extract.  The  removal  of  fluid 
from  the  body,  perhaps  the  most  potent  factor  in  reducing  the  weight 
in  these  cases,  is  shown  by  diuresis,  which  occurs  in  myxcedema  espe- 
cially, but  also  in  obesity.  This  diuresis  has  been  ascribed  to  some 
specific  action  on  the  kidney,  or  to  the  changes  in  the  circulation,  but 
may  perhaps  be  due  to  the  increased  excretion  of  urea  and  other 
urinary  substances.  That  the  kidney  is  acted  on  in  some  cases  is 
shown  by  the  occasional  appearance  of  albumin  in  the  urine  of  patients 

■  Schondorff  Btatea  that  in  nitrogenous  equilibrium  tlie  oxidation  of  the  fata  ia 
increased  before  the  proteins  of  the  body  are  attacked,  but  wben  the  fat  destruction 
baB  reached  a  certain  paint,  the  protein  waste  ia  alao  increaaed.  The  early  augmen- 
tation of  the  nitrogen  of  the  urine  does  not  indicate  an  acceleration  of  the  protein 
metaboliam,  but  ia  due  to  the  rettiOTai  of  urea  and  other  products,  which  have  been 
formed  in  the  tiasuaa  before  the  administration  of  the  remedy,  but  which  are  now 
excreted  throngh  the  increased  activity  of  the  kidneys. 
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treated  with  thyroid  preparations.  The  phosphates  excreted  are  in- 
creased in  the  same  ratio  as  the  nitrogen,  and  the  increase  is  obviously 
due  to  the  same  cause,  augmented  protein  waste. 

In  some  cases  sugar  has  been  found  in  the  urine  after  thyroid  treat- 
ment, and  in  a  considerable  percentage  of  persons  it  seems  to  cause  a 
tendency  to  glycoaurig^  as  is  shown  by  the  appearance  of  sugar  in  the 
urine  after  tne  ingestion  of  large  quantities  of  sugar,  which  would 
normally  be  oxidized  in  the  tissues.  There  is  further  evidence  that 
thyroid  extract  influences  the  carbohydrate  metabolism,  but  no  satis- 
factory statement  is  available  at  present.  The  uric  acid  excretion 
does  not  seem  to  be  materially  affected  by  thyroid  treatment. 

After  thyroid  preparations  have  been  administered,  iodine  is  found 
in  the  urine  in  the  form  of  iodides,  so  that  the  iodine  compound 
evidently  decomposed,  at  anj  rate  in  part,  in  the  body.     The  rest 
the  iodine  is  taken  up  by  the  thyroid  gland. 

Hunt  has  recently  made  the  observation  that  the  administration  of 
thyroid  extract  diminishes  the  susceptibility  of  mice  to  acetonitril 
(CEaCN),  a  poison  which  seems  to  act  by  freeing  prussic  acid  in  the 
tissues,  and  the  degree  of  protection  afforded  varies  directly  with  the 
amount  of  iodine  of  the  gland.  On  the  other  hand,  it  increases  the 
susceptibility  of  rats  to  the  same  poison,  and  morphine  is  more  toxic 
to  both  mice  and  rats  when  they  have  been  treated  with  thyroid  for 
some  time  previously.  The  presence  of  even  very  minute  quantities 
of  thyroid  extract  may  be  demonstrated  by  feeding  these  animals  with 
it  and  testing  their  resistance  to  these  poisons. 

In  regard  to  their  reaction  to  thyroid  medication,  individuals  vary  consid-  / 
erably,  for  many  are  eearcely  affected  by  it  in  any  way,  and  this  is  particu-  I 
larly  trne  of  children,  while  others  lose  weight  rapidly,  and  under  larger  J 
doses  show  symptoms  of  poisoning  (thyroidism).     These  seem  to  be  merer 
easily  elicited  in  goitre  and  myztedema  than   in  ordinary  casee.     On  the 
other  hand,  in  Graves'  disease  the  symptoms  are  generally  aggravated  by 
thyroid  treatment.    There  is  every  reason  to  believe  that  this  condition  is  due 
to  the  excessivo  production  of  thyroid  secretion,  and  Hunt  has  sacceeded  in 
demonstrating  its  presence  in  the  blood  in  one  case  of  the  disease. 

The  fact  that  "  thyroidism "  occurs  more  frequently  in  myxcedematous  <v 
than  in  normal  persons  seems  difficult  of  explanation,  and  it  has  been  sag-  / 
gested  that  the  symptoms  are  due,  not  to  the  extract  itself,  but  to  the 
products  of  its  action.  It  may  be  supposed  that  in  myxcedema  a  large 
amount  of  some  substance  accumulates  in  the  tissues,  because  the  secretion 
is  not  present  in  sofQcient  quantity  to  decompose  it,  and  that  when  the  thy- 
roid treatment  is  commenced,  the  body  is  flooded  witii  the  products  of  decom- 
position and  these  give  rise  to  symptoms.  In  normal  persons,  on  the  other 
bond,  there  is  no  such  accumulation,  and  the  extract  therefore  induces  no 
symptoms  until  it  is  given  in  such  quantity  as  to  induce  intoxication  itself. 
In  Graves'  disease  thyroid  extract  would,  of  course,  tend  to  aggravate  the 
QOnptoms,  if  these  are  due  to  its  ezcessive  production.  Until  more  is  learned 
of  tiie  action  of  the  thyroid  and  of  the  cause  of  Graves'  disease,  however, 
these  explanations  are  mere  hypotheses,  and  they  need  not  be  entered  upon 
further  here. 

Iodine,  as  has  been  stated,  increases  the  iodine  of  the  gland,  and  tfais  \ 
explains  the  beneficial  effects  formerly  seen  in  goitre  from  the  application  of  i 
iodine  internally  and  locally.    When  iodine  was  efficient  in  those  cases,  and 
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^^        ''"'^    626  ISOSQAmC  SALTS,  ACIDS  AND  BABBS. 

»aj  considerable  climinntion  of  the  glaad  occurred,  it  was  often  accompanied 
by  Bymptoms  exactly  resembling  those  produced  bj  large  doses  of  the  extract. 
Those  symptoms  were  caused  by  small  qnantities  in  some  patients,  while  mnch 
larger  doses  had  no  sneh  effect  in  othen — a  fact  which  gave  rise  to  some  dis- 
cussion and  several  cttodsous  theories.  Sometimes  the  acute  symptoms  passed 
into  a  cachexia  of  very  long  standing.  The  quantity  of  iodine  required  to 
act  in  goitre  is  much  greater  than  the  iodine  of  the  thyroid  extract  necessary, 
and  this  shows  that  the  latter  acts  not  merely  as  an  iodine  compound,  but 
as  the  specific  substance  of  the  gland.  Yarious  iodine  compounds,  sncb  as 
todolbumm  and  iodoapongm  (the  iodine  compound  of  the  sponge)  have  been 
shown  to  be  practieally  inert  in  goitre. 
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TBTBOntrau  Sicxnnf  [B.  P.],  Q]laitditui  THTitfirpfJi  jJtflf'T  (tJ.  S.  P.), 
a  ptfwder  prepared  from  the  fresh  anJ  lUSIIUlJ'  lihyroid  gland  of  the  sheep.  It 
forms  a  light,  dull-brown  powder  with  a  faint,  meat-like  odor  and  taste,  free 
from  any  odor  of  putrescence.  About  16  gra.  represent  an  entire  gland. 
Dose,  0.3-0.6  G.  {3-10  gra.).  ' 

Liquor  Tetboidei  (B.  P.],  a  liquid  prepared  from  the  fresh  and  healthy 
thyroid  gland  of  the  sheep,  and  containing  some  phenol.  A  pinkish,  turbid 
fluid,  entirely  free  from  any  odor  of  putrescence.  It  oi^ht  to  be  freshly  pre- 
pared.   6  c.c.  (100  rnins.)  represent  an  entire  thyroid  gland  (5-15  mins.). 

Thyroid  medication  may  be  carried  out  in  a  number  of  different  ways. 
The  old  method  of  ordering  the  raw  or  toasted  gbmd  to  be  taken  doily  may 
now  be  said  to  be  rendered  obsolete  by  more  elegant  preparations,  such  as 
dried  thyroid  or  tby^r'<  "'■jrai;!  '"  [wwilor  ffinn  or  in  pills  or  tablets,  or  the 
hyi6r.  Tiiese  ougntjpt  to  be  prescribed  in  large  quanutieB,  UU  Lbuy  fire  liablS 
tonnder^o  putrefaction  unless  when  earefullV  ftcTSt  fTSdothyrin  tablets  have 
also  been  introduced,  each  containing  0.001  Q-.  (g^g  gr.)  or  more  of  iodine. 
The  doee  should  be  small  at  first  (e.  g.,  )  gr.  of  tbe  dried  gland  or  2-3  ntins. 
of  the  liquor  every  evening  for  the  first  week  of  treatment]  and  shoold  be 
gradually  increased,  until  improvement  seta  in  or  unpleasant  symptoms  arise. 

Therapeutic  Uaes.^ — Thyroid  extract  is  not  a  dangerous  remedy, 
nnlesa  in  certain  cases.  In  myxoedema,  however,  it  should  be  used 
with  care,  especially  if  the  heart  is  seriously  affected,  as  the  cardiac 
mnacle  may  be  unable  to  meet  tbe  requirements  of  the  accelerated 
rhythm;  several  serious  cases  and  one  or  two  fatalitiee  have  already 
been  recorded  in  these  conditions. 

I  Thyroid  extract  is  useful  as  a  substitute  for  the  normal  gland  secre- 
tion in  cases  where  tbe  latter  is  wanting  or  deficient,  as  in  myxcedema, 
cachexia  thjreopriva,  goitre  and  sporadic  cretinism.  In  all  of  these 
the  medication  has  to  be  continued  for  a  long  time,  perhaps  through- 
out life,  as  otherwise  the  patient  relapses  into  his  former  condition. 
The  decrease  in  weight  occurring  in  thyroid  medication  suggested  its 
use  in  obesity,  and  it  has  been  followed  by  some  loss  of  weight  in  a 
ffartnip  niimbpr  f^f^^es.  cajTonjplly  tuhp-n  tn-jjompanied  by  proper  die- 
tetio  treatjnent.  Tn  many  instances  it  has  had  little  or  no  effect, 
however,  and  the  initial  encouraging  action  is  seldom  maintained 
when  the  treatment  is  continued,  the  daily  loss  of  weight  gradually 
becoming  smaller  nntil  it  ceases  altogether.  Tbe  amount  of  fat 
actually  destroyed  seems  to  be  trifiing,  Magnna-Levy  estimating  that 
about  one  pound  disappears  in  ten  days,  which  is  much  less  than  can 
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be  got  rid  of  bj  judicious  exercise  and  an  appropriate  dietary.  Be- 
sides, the  continned  use  of  thyroid  in  these  cases  is  not  alt<^ther 
devoid  of  danger.  Many  of  the  antifat  remedies  put  on  the  market 
contain  thyroid  extract  and  their  continued  use  has  led  to  serious 
sympttnns  in  a  number  of  cases. 


A  ea«e  ot  aporadle  cretlnlBm.  Eix.  SB.  before  treatment,  age  28  montba,  belgbt  2S 
iDcbei.  drcamference  ot  tbe  abdomen  IQ  Inchee.  Pig.  SO  after  treatment  wltb  tbyrold 
•xtract  for  OH  montba,  belgbt  SO  Incbea,  drcumferenee  ot  abdomen  16  Inches.     (Oslbk.) 

In  some  skin  diseases,  especially  in  psoriasis,  it  has  been  of  benefit,  though 
not  by  any  means  invariably,  and  in  syphilis  of  old  standing  some  improve- 
ment has  been  seen.  This  is  probably  due  to  the  iodine  contained,  and  not 
to  the  specific  gland  secretion.  At  the  eame  time  tbe  peculiar  combination 
in  which  the  iodine  w  present  may  perhaps  be  more  easily  made  use  of  by 
the  economy  than  the  ordinaiy  inoi^anic  preparations. 

The  improvement-  sp**"  'n  ^^■'  t"-"'"  °y^rtflma  in  myycedema  and  cretiniam 
suggested  its  use  in  ottier  mental  diseases,  bat  the  action  in  the  former  is  due 
to  its  sabstitntion  for  the  normal  secretion,  and  little  or  ao  efFect  has  followed 
in  ordinary  eases  of  mental  disease. 

In  Graves'  disease  it  seems  generally  to  be  injurious..  A  curious  relation  . 
appears  to  exist  between  thyroid  and  the  thymus  gland,  for  the  administra-  I 
tion  of  the  latter  is  often  attended  by  some  relief  in  this  disease.    /  | 
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**      DC.    FLUOBID£S.  "V^-^- 

The  fluorides  present  many  points  of  difference  from  the  other  halogen 
salts  in  their  chemical  reactions  and  also  in  their  effects  in  the  oi^aniBm. 

The  fluori^je  of  sodium,  which  alone  has  been  examined,  piossesses  a  power- 
fully i'T^fsnt.Tijfti}  Hi^Unn^  which  is  BCcn  most  clearly  when  it  is  applied  to  the 
mucous  membranes  of  the  eye  or  of  the  alimentary  tract.  In  the  former  it 
causes  congestion  and  inflammation  of  the  conjunctiva  and  opacity  of  the 
cornea,  when  it  is  applied  in  a  two  per  cent,  solution  for  some  time.  Small 
<]uantities  induce  irritation  of  the  stomach,  nausea  and  vomiting,  and  the  pro- 
longed administration  leads  to  irritation  of  the  intestines  and  diarrhma;  soln- 
tions  of  the  fluorides  are  absorbed  with  great  difficulty  by  the  intestinal  epithe- 
lium. When  injected  subeiitaneously  riuondes  often  induce  inflammat.iop  and 
suppuratifln  with  necrosis.  '  " 

In  frogs  small  doses^dnce  prolonged  fibrillary  contractions  of  the  muscles 
tbrongjiout  the  body,  which  are  due  to  a  stimnlation  of  the  terminationB  of 
the  motor  nerves.  Larger  doses  paralyze  the  central  nervous  system  and 
eventually  the  motor  terminations,  and  even  the  nerve  fibres.  The  miucles 
lose  their  irritability  and  pass  into  very  marked  rigor,  and  the  heart  muscle 
is  also  paralyzed  by  i^xge  quantities. 

In  mammals  the  first  symptoms  are  increased  secretion  of  saliva  and  tears, 
acceleration  and  deepening  of  the  respiration,  followed  by  a  condition  of 
weakness  and  somnolence.  Strong  fibrillary  tremor  of  the  muscles  then  sets 
in  with  occasional  stronger  twitches,  which  eventually  pass  into  attacks  of 
general  convulsions.  In  the  intervals  between  the  convulsions  the  ■"'■"■! 
Ues  in  a  state  of  profound  coma.  The  respiration  is  Anally  arrested  daring 
an  attack  of  convulsions,  the  heart  continuing  to  beat  for  some  time  longer. 

Tappeiner  found  a  very  marked  fall  of  blood-pressure  produced  by  sodinm 
fluoride,  and  attributed  it  to  depression  of  the  vaso-motor  centre.  It  may 
in  part  account  for  the  stupor,  but  this  indirect  action  is  in  all  probability 
strenicthened  by  a  direct  depression  of  the  higher  nervous  centres.  The  con- 
vulsions are  central  in  origin,  while  the  cause  of  the  fibrillary  contractions  in 
uammals  is  unknown.  The  respiratory  centre  seems  to  be  first  stimulated 
Vid  then  paralyzed.  Muscles,  nerves  and  other  excised  tissues  die  much 
sooner  in  solutions  of  sodium  fluoride  than  in  corresponding  ones  of  the  ehlo- 
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ride,  iodide  or  bromide,  bo  that  the  fluoride  ion  must  be  assigned  a  position 
quite  distinct  from  the  other  halogen  ions  in  the  scale  of  toxicity. 

The  fluorides  absoriied  from  the  alimentary  canal  are  excreted  by  tlie  urine, 
but  this  takes  place  very  slowly,  and  mucb  of  the  fluoride  is  stored  up  in  the 
body,  some  in  the  liver  and  skin,  but  moat  in  the  bones  in  the  form  of  calcium 
fluoride.  Crystals  of  this  very  insoluble  salt  are  found  in  masses  in  the 
Haversian  canals,  and  increase  the  hardness  and  brittleness  of  the  bones. 

The  prolonged  administration  of  fluorides  to  animals  has  been  found  to 
cause  weakness,  loss  of  flesh,  and  irritation  and  ulceration  of  the  gums. 

The  fluoride  of  sodium  has  considerable  antiseptic  power,  putrefaction 
being  delayed  by  the  addition  of  one  part  to  500  of  fluid,  and  one  in  200 
arresting  completely  the  growth  of  bacteria.  It  has  been  used  to  a  very  i 
limited  extent  as  a  surreal  antiseptic, 

HyHrt^flnpric  i^jid  is  an  exceedij  _  _ 
mucous  membranes  wherever  it  comes  in  contact  ^ 
observed  that  workers  in  certain  departments  of  glass  factories,  in  which  the 
atmosphere  contains  a  small  amount  of  this  acid,  are  very  seldom  attacked 
by  tuberculosiB,  and  an  attempt  has  been  made  to  treat  pulmonary  phthisis 
by  the  inhalation  of  very  dilute  vapors.  The  results  have  not  bwn  suc- 
cessful, although  there  is  no  question  that  hydrofiuoric  acid  ia  a  powerful 


ge^jcide. 
"Sodium  t 


1  fluoTosilicate   (SiFlNa,)  has  also  been  used  as  an  antiseptio  in 
solution.     It  has  been  found  to  cause  nausea,  eructation  and  slowness  of  the 

pulse  when  swallowed. 
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Z.    0HLOBAIE8. 

ThefUorate  of  potaasmm,  introduced  into  therapeutics  on  the  gjo- 
neous  theory  tnat  it  WQuld^aupplv  oxygen  to  the  tiaauea.  has  been  used 
very  extensively  for  it9  effects  in  certain  diseases  of  the  mouth.  It 
■was  Buppoaed  to  be  entirely  devoid  of  poisonous  properties,  but  was 
shown  by  Jacobi  to  ^ve  rise  to  very  fijpg*'  and  even  fatal  symptoms 
in  some  instances.  In  auch  cases  the  symptoms  are  due  par^y  to  the 
salt-action,  but  chiefly  to  the  specific  effects  of  the  "'^lor*'*"  '""  The 
chlorate  of  sodium  induces  theae  chlorate  symptoms,  and  the  chlorate 
of  ammonium  ia  said  to  be  the  most  poisonous  of  the  three.  It  would 
seem  that  the  conditions  which  determine  their  appearance  are  not 
universally  present,  for  very  often  large  quantities  have  been  taken 
with  impunity,  while  in  other  individuals  much  smaller  quantities 
have  induced  grave  poisoning. 

Symptoms, — The  chlorates  have  a  cool,  aaline  taste,  which  persists 

for  a  long  time  owing  to  their  being  excreted  in  part  in  the  saliva. 

Concentrated  solutions  may  cause  thhiopi^  btiH  ""mitinc  from  their 

local  Hftlt-actioi^  in  the  stotuchr-uid  their  absorption  is  often  followed 
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bj  ctKisiderable  djusgeia  from  a  Bimilar  action  in  tlie  kidney.    In  the 
great  majority  of  cases  no  further  effects  are  observed. 

In  some  individuals,  however,  symptoms  arise  from  the  chlorate 
action  quite  apart  from  those  mentioned  above,  which  may  be  indneed 
by  any  diffusible  salt.  These  chlorate  symptoms  may  be  divided  into 
those  of  acute  and  of  subacute  poisoning,  the  first  arising  generally 
from  the  administration  of  a  single  lai^  dose,  the  second  from  smaller 
quantities  taken  repeatedly.  In  Acntft  Ohlorate  PoisoiiiiLK.  the  first 
symptom  is  often  prolonged  and  violenj_soauting,  with  pain  in  the 
stomach  region ;  diarr^iEft ^nd  a  dark  pv<)ni^tin  i-^nr  nf  •^f.  aViTi  and 
mucous  membranes  follow,  the  resgiratiim— is  at  first  dyspnceic  and 
d  feeble,  some  ■  •  ■  ~" 


then  weakj^the  pulse  quick  and  feeble,  sometimes  irregular.  The 
patient  c^nplaing  uf  huadaebe^  giddiness  and  muscular  weakness,  is 
restless,  and  eventually  becomes  cwnatose  before  death. 

In  Siibaciitfl  Tn^nnn^ng.  vomiting  and  diarrhoea  are  also  observed, 
and  the  vomited  matter  often  coniains  large  quantities  of  bile,  less 
often  blood.  There  may  be  complete  anuria,  for  some  time,  or  the 
urine  is  scanty  and  at  first  dark  colored,  then  doep  redfUah-hrf^gTi  j 
it^contahis"  hlBmogiobiD,  metbaiinoelobin,  and  htematin  in  solution. 
On_8tanding,_iE3E^nixiaS^EE^mLiimorpEOTr^^id^/which 
arise  from  the  destruction  of  the  red  cells  of  the  blood,  and  chlorates 
are  contained  m  it  in  considpraMa  ([iiantitv.  The  metheemoglobin 
maydisappear  from  the  urine  after  one  or  two  days,  but  the  casts  re- 
main longer.  The  akin  is  often  icteric  in  color,  and  in  some  cases 
erythanatoas  eruptions  have  been  observed,  jieadache,  muscular 
weakaeas-and  abdominal  pain  are  complained  nf^  and  luromyi  syrfip- 
tjHOB  may  aris&^^eljrium  an3~c^yulsigiig,  or  confusion  and  coma. 

\  Deam  has  followed  from  these  last  aa  late  as  s  week  after  the  first 
symptoms  of  poisoning  were  observed,  but  in  several  cases  complete 
recovery  has  followed  even  the  gravest  symptoms. 

Action.^ — The  cause  of  the  symptoms  in  acute  and  subacute  chlorate 
poisoning  is,  apart  from  the  salt-action,  a  specific  effect  which  the 
chlorates  have  on  the  Bed  Blood  Oslls  and  particularly  on  the  Hnmoglo- 

r  bin.  This  is  seen  especially  vrell  when  blood  is  added  to  a  chlorate 
solution  outside  the  body,  for  in  course  of  a  short  time  the  blood 
assumes  a  dark  chocolate  brown  color,  and  spectroscopic  examination 

\  reveals  the  absorption  bands  of  methaemc^lobin  and  often  of  hsematin. 
After  a  time  the  red  blood  cells  tend  to  break  up,  and  the  methsemo- 
globin  ia  freed  in  the  serum.  If  large  quantities  of  chlorates  be  added, 
the  blood  becomes  quite  black  in  color,  and  assumes  a  gelatinous  c(m- 
aistency.  This  action  on  the  blood  is  generally  ascribed  to  their_OT[t- 
dizing  properties,  for  other  oxidizing  agents  have  the  same  effects ;  the 
exposure  of  h£em<^robin  to  such  bodies  Jeads  to  the  formation  of 
methsemoglobin,  while  the  red  blood  cells  ar©  destroyed  and  the  haemo- 
globin is  liberated  in  the  plasma;  the  two  processes  seem  to  proceed 
independently  of  each  other,  for  some  oxidizing  agents  induce  marked 
biemolysis  with  little  methamoglobin,  while  in  others  the  latter 
feature  is  the  predominating  one.    There  is  however  some  difficulty  in 
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explaining  the  chlorate  action  by  oxidation,  for  these  salts  are  very 
stable  and  have  practically  no  oxidizing  action  at  body  temperature. 
It  is  probable,  however,  diat  in  the  blooj^and  tisaues  they  come  in 
contact  with  a  ferment  which  is  capable  of  freeing  the  oxygen. 

"When  this  tflBTaformffrton  of  the  ntemoglulim  tukiH]  {Jtace  in  the/ 
vessels,  the  blood  is  unable  to  supply  the  tissues  with  oxygen,  because? 
in  methiemoglobin  the  oxygen  is  attached  much  more  firmly  than  in  ( 
ozyhiemt^lobin,  and  the  tissues  are  incapable  of  availing  themselves  j 
of  it.    If  much  of  the  hEemoglobin  is  thus  rendered  usele^.  aaphvxia 
results,  SSS  this  is  unquestionably  tne  chlet  cause  of  the  avrnptomfl 
and  of  the  fatal  issue  in  the  most  acute  form  of  intoxication.     If  a 
smaller  amount  of  methfemoglobin  is  formed,  it  disappears  gradually, 
either  by  being  slowly  reformed  to  haemoglobin,  or  by  the  corpuscleB 
containing  it  being  withdrawn  from  the  circulation  and  broken  up. 
When  a  considerable  amount  of  hsemoglobin  is  transformed,  but  suffi- 
cient remains  to  continue  the  respiration  of  the  tissues,  the  subacute 
form  of  poisoning  results.     The  blood  cells  break  up  and  the  hfemo- 
globin,  methsemoglobin  and  the  debris  of  the  corpuscles  thus  freed  in 
the  plasma  are  in  part  excreted  by  the  urine,  in  part  deposited  in  the 
spleen,  liver,  and  bone  marrow.     As  in  other  conditions  of  exceaaive  • 
A.fitnif-t.i»n  ftf  tlift  rfd  blood  cel\»,  tha  hi  I  a  pignnfi||t.  l^increaandy^  1 
iimmiTit^  and  its  'absorption.f'-""'  f'^"  ^lilo  fBpiUflrinfi  i"'i"'">a  j^'llTldi''''     I 
The  excretion  oi  the  products  of  the  destruction  of  the  red  blood 
corpuscleB  in  the  urine  leads  to  the  renal  tubules  becoming  stopped 
up  with  brown  granular  masses,  which  are  in  part  forced  downwards  I 
and  appear  in  the  urine  as  casts,  but  which  may  lead  to  an  almost/ 
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complete  suppression  of  urine  and  to  symptoms  of  uttemic  poisoning.! 
In  those  cases  in  which  d?^^-h  follows  several  days  after  tue  first 
symptoms,  it  seems  due  not  to  the  direct  action  of  the  poison,  but  to 
the  renal  changes.    Often  no  actual  nephritis  is  present,  hut  in  some 
cases  the  epithelial  ceils  seem  to  be  inflamed,  probably  as  a  secondary 
result  of  the  plu^ng  of  the  tubules.     The  deposition  of  the  debrisl 
in  the  liver  and  spleen  often  causes  enlargement  of  these  organs, 
these  subacute  cases  of  poisoning,  then,  death  is  not  due  directly 
the  methsemoglobiu  formation,  but  to  the  breaking  down 
red  cells. 

The  post-mortem  appearances  in  chlorate  poisoning  vary  with  the 
form.  In  acute  poisoning  the  characteristic  color  of  the  blood,  and 
the  metheemoglobin  absorption  band  in  the  spectrum  are  often  the 
only  distinct  appearances.  In  less  acute  cases,  the  debris  of  the  red 
corpuscles  is  found  in  the  liver,  sple^i,  bone-marrow  and  renal 
tubulea,  while  no  methiemoglobin  may  be  detected.  Some  of  the  red 
blood  corpuscles  are  found  misshapen,  however,  others  are  colorless 
(shadows),  and  in  some  the  pigment  is  formed  in  masses,  instead  of 
being  generally  diffused.  Some  swelling  and  ecchymoses  of  the 
gastric  and  intestinal  mucous  membrane  have  been  observed. 

The  hiemf^obin  of  most  animals  seems  equally  easily  transformed 
ta  mrtheemoglobin  by  chlorates  when  it  is  dissolved  in  water,  but  the 
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blood  corpuscles  of  the  rabbit  and  guinea-pig  resist  their  action  mnoh 
more  tban  do  those  of  the  dog  and  of  man.  Kabbits  therefore  very 
rardy  show  any  symptoniB  of  true  chlorate  action,  and  die  of  the 
potassium  or  of  the  salt-action,  while  dogs  and  cats  exhibit  symptoms 
very  like  those  seen  in  man.  The  cause  of  this  immunity  of  the 
rabbit's  corpuscles  is  unknown,  but  may  perhaps  be  explained  by  their 
being  impermeable  by  the  chlorate  salts.  It  has  been  found  that  when 
the  rabbit's  blood  is  concentrated,  or  when  bile  is  present  in  quantity 
in  it,  the  chlorate  acti<Hi  may  be  elicited  much  more  readily  than  in 
normal  animals. 
¥  The  nervous  symptoms  in  chlorate  poisoning  are  manifestly  due  to 
I  the  blood  changes  anthtbe  uremia  for  the  most  part,  though  there  is 
I  reason  to  believe  that  under  some  conditions  the  brain  is  also  directly 
affected.  The  heart  is  said  to  be  first  slowed  and  then  accelerated  by 
the  intravenous  injection  of  sodium  chlorate.  The  vomiting  does  not 
aeem  to  be  due  to  local  action  only,  for  it  is  se«i  in  animals  in  which 
the  salt  is  injected  Bubcutaneously. 

Very  little  chlorate  is  reduced  in  the  blood  and  tissues,  for  60-96 
per  cent,  of  the  amount  administered  has  been  recovered  from  the 
urine.  Small  quantities  appear  also  in  the  saliva  and  in  other  secre- 
tions, such  as  the  perspiration,  milk,  tears,  and  nasal  mucus,  and  Bom6 
has  been  found  to  p"°a  fTviTn  tha  mitthi;;-  fit  fhe  fcetua  in  utero. 

The  chlorates  are  hardly  more  antiseptic  than  other  indifferent 
Mlts. 

The  BroiHitM  and  lodatea  have  been  much  more  seldom  the  subject  of 
investigation  than  the  chlorates,  and  are  not  used  in  therapeutics.  The  iodateg 
are  more  poiBopona  thgn  tti"  timmBiM  anA  thiw)  mrain  than  the  chlorates;  {Ee 
jot^tes  d^troy  the  red  cells  more  rapidly  but  form  less  meth£mogIobin  than 
the  cidorates  in  test-tube  experiments.  lodatca  induce  fatty  degeneration  of 
the  liver  and  congestion  and  Mrtrava8atiOT~T!r  Uiu  alimfUUif  jF  Uifcir"  Some 
iodide  is  lonned  from  IKem  m  the  bUdJC 

The  action  of  the  PersUaiHtf  has  been  examined  by  Kerry  and  RosL 
In  the  trog  the  perchlorate  of  sodium  (NaClO.)  imlnRtw  fihriHary  t.Tg;ti^^liT^g^ 
and  clonic  contractions  of  the  muscles;  the  contraction  of  the  muscle  is  pro- 
longed  in  the  same  way  as  by  veratrine,  and  rigor  eventually  follows  as  in 
caffeine  poisoning.  The  reflex  excitability  is  increased  and  the  heart  is  slow 
and  irregular.  The  effects  of  the  perchlorate  on  mammals  differ  considerably 
in  different  epecies;  in  the  rat,  mouse  and  guinea-pig  the  reflex  excitability 
is  enormously  incressed  and  tetanic  convulsions  may  arise  from  this  action; 
in  the  cat  a  certain  stiffness,  muscular  paresis  and  tremor  can  bs  made  out 
after  the  injection  of  large  quantities  of  perchlorate,  but  these  animals  as  well 
as  the  rabbit  and  dog  are  not  killed  by  even  very  large  qnantities. 

Pbefabations, 

C-'J  -t'^vpOTASSii  Chloras  (U.  S.  p.,  B.  P.)  (KCIO.),  0.3-1  Q.  (5-15  grs.). 

Trochisci  PoTASSii  Chloratis  (U.  S.  p.)  contain  0.15  G.  (21  grs.)  chlorate 
of  potassium  in  each  lozenge. 

Trochiscds  POTAsan  Culoratib  (B.  P.)  contains  3  gis.  in  each. 

Sodii  Chloras  (U.  S.  P.)  (NaClO.),  0.25  G.  (4  gre.). 

The  chlorates  are  colorless  prismatic  crystals  with  a  saline  taste,  and  are 
given  in  solution  or  in  lozenges  when  used  intemally.     The  dry  aalta  form 
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explosive  miztares  with  oi^iacic  or  other  reducing  substances,  and  such  mix- 
tures are  therefore  to  be  kept  cool,  and  onght  not  to  be  ground  together,  as 
heat  and  presenre  are  liable  to  cause  explosions. 

Therapeutic  Uses. — The  chlorate  of  potaasium  is  used  chiefly  as  a 
mouth  wash  and  gHrele  in  irritable  conditionfl  of  the  moulii  and 
{&oat,  aucn  as  apbthse,  and  in  the  tenderneas  and  uiceration  of  the 
gums  and  mouth  induced  by  the  prolOPjiiefr'tfm  frf  mercury.  It  may 
aT3&  be  given  as  a  prophylactic  to  prevent  etomaHtiB"  When  mercury 
is  being  prescribed,  but  it  does  not  prevent  the  salivation.  In  catarrh 
of  the  throat  the  chlorate  of  potassimn  is  often  used  with  apparently 
good  effects.  It  has  been  strongly  advised  in  diphtheria,  but  is  of 
only  qiipnti'on^ble  valpe  here. 

The  chlorate  of  potassium  is  more  frequently  prescribed  than  the 
sodium  salt,  but  the  latter  seems  equally  efficient.  The  chlorates  are 
used  in  2—4  yer  cent,  solution,  or  the  official  lozenge  may  he  pre- 
scribed. In  children  a  somewhat  stronger  solution  with  syrup  or 
honey  may  be  used  to  brush  out  the  mouUi,  but  care  should  be  taken 
that  none  is  swallowed.  The  local  action  of  the  chlorates  has  not  been 
explained,  and  it  may  be  due  to  the  salt-action  in  part,  though  not 
wholly.  It  has  been  suggested  that  they  are  oxidizing  disinfectants, 
hut  there  is  no  reason  to  suppose  that  they  are  changed  here  any  more 
than  in  the  tissues  in  general.  It  is  not  impossible  that  equally  satis- 
factory results  might  be  obtained  by  the  use  of  the  chlorides  or 
nitrates.  Chlorate  of  potassium  has  been  given  internally  in  cases  of 
diphtheria  and  in  some  diseases  of  the  month,  but  it  does  not  seem 
to  have  any  therapeutic  value  unless  when  applied  locally.  Some 
benefit  may  arise  from  its  contact  with  the  mouth  and  throat  in  the 
process  of  swallowing  and  from  its  excretion  in  the  saliva.  In  addi- 
tion the  internal  administration  of  the  chlorate  is  liable  to  induce 
dangerous  poisoning.  It  is  unnecessary  to  discuss  the  earlier  uses  of 
the  chlorate,  which  were  based  on  the  theory  that  it  gave  up  its  oxrgea 
tn  thn  hliKwl.  for  both  theory  and  practice  have  been  shown  to  be 
erroneous. 

^RtsoDlng, — The  fatal  doee  of  chlorate  varies  extremely,  as  little  as| 
1  G.  (15  grs.)  having  proved  fatal  in  a  child,  while  40-50  Q.  (10-121 
drs.)  have  been  swallowed  by  adults  without  marked  symptoms.' 
There  is  no  question  that  the  red  blood  cells  are  often  peculiarly 
suBceptible  to  the  action  of  the  chlorates ;  poisoning  is  especially 
common  in  nephritis.  In  cases  of  poisoning  the  stomach  should  be 
evacuated,  if  any  of  the  salt  is  believed  to  remain  in  it,  but  the  symp- 
toms often  appear  only  2-3  hours  or  longer  after  the  drug  has  been 
taken.  General  treatment  with  central  nervous  stimulants,  ice  for  the 
vomiting,  etc.,  may  be  carried  out.  The  formation  of  methfemt^Iobioi 
is  Igss  liable  to  occur  when  the  blood  is  more  alkaline  than  usual,  andj 
tbislias  led'T:o"th6  AdmlnUtratioQ  oi  the  altallne  carbonates  in  these] 
cases.  After  the  acute  symptoms  pass  off  diuretics  are  ofteoi  advised, 
and  large  quantities  of  fluid  are  given  in  order  to  flush  out  the  kid- 
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nejs  and  prevent  as  far  as  possible  tbe  tubules  from  being  stopped  up 

by  detritua. 
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ZL    HITBATE8. 

The  nitrates  are  generally  supposed  to  have  little  action  except  that 
of  Hfllj^  in  gyppml  and  have  been  comparatively  seldom  the  subject 
of  pharmacological  examination.  In  small  doses  they  induce  changes 
very  similar  to  those  seen  after  the  chlorides,  but  there  is  little  doubt 
that  in  addition  to  the  salt-action,  a  distinct  ni,trata-ion  pffpirt.  exists, 
and  is  T°"'ff}itMl1  (ihipff  '"  ir'''^iti(«i  of  the  mucous  membranes 
which  are  exposed  to  it. 

Symptoms. — The  nitrates  have  a  cool,  saline  taste,  and  in  small 
dosee  induce  no  symptoms  save  an  augmented  flow  "f  urijip     Lai^ 

I  quantities,  however,  cause  gastro-intestinai  irritation,  giving  rise  to 
pain  in  the  stomach  region,  nausea,  vomiting  and  sometimes  diar- 

'   rhoea,  and  blood  may  be  present  in  the  vomited  matter  and  in  the 
stools.     The  urine  is  often  abundant,  but  may  be  scanty  or  entirdy 

1  suppressed.     These  symptoms  may  be  followed  by  great  muscular 

\  weakness,  apathy,  collapse  and  eventually  coma  and  death. 

At  the  autopsy  the  stomach  and  intestines  are  found  red  and  con- 
gested, and  very  often  contain  blood  extravasations.  The  kidney  is 
said  to  have  presented  the  symptoms  of  acute  nephritis  and  hffimor- 
rhages  in  some  cases  of  poisoning. 

When  dilute  solutions  of  the  nitrates  are  used,  much  leas  irritation 
is  induced,  and  in  fact  large  quantities  may  be  taken  thus  without 
causing  any  symptoms  whatever  except  diuresis. 

Action.^ — Very  similar  effects  may  be  induced  by  large  quantities  of 
common  salt,  or  of  potassium  chloride,  and  it  is  therefore  often  stated 
that  the  nitrates  act  in  the  same  way  as  the  chlorides.  But  this  is  not 
entirely  correct,  for  while  there  is  no  question  that  the  salt-action 
explains  much  of  the  effect  of  the  nitrates,  these  salts  have  a  specific 
irritant  action.  Thus  very  much  smaller  quantities  of  the  nitrates 
than  of  the  chlorides  are  sufiicient  to  induce  serious  irritation,  and 
solutions  of  the  nitrates  isotonic  with  the  blood  induce  irritation  and 
congestion  in  the  intestine  and  are  slowly  absorbed.  This  irritant 
effect  of  the  nitrates  has  be^i  explained  by  Binz  and  Barth  as  the 
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»  result  of  Uie  reduction  of  the  nitrates  to  nitrites  ia  the  alimentary 
canal  and  tissues,  bat  no  symptoms  of  nitrite  action  seem  to  have  been 
observed  in  caaea  of  poisoning  with  nitrates.  Haldane  has  recently 
shown  that  nitrite  is  formed  from  the  nitrate  used  in  the  preservation 
of  meat  by  salting,  and  that  some  nitrous-oxide  bfemoglohin  is  formed 
and  gives  a  bright  red  color  to  the  meat.  The  presence  of  this  pig- 
ment may  perhaps  explain  the  red  color  of  the  intestine  in  some  cases 
of  poisoning  in  which  extravasations  of  blood  are  not  marked. 

The  nitrates  have  long  been  used  as  diuretics,  more  especially  the 


D^tratft  of  potflRHJiim-  The  diuresis  is  generally  attributed  to  the  salt: 
action,  but  there  may  be  in  addition  a  true  stimulation  of  the  h:j^ey 
aitnilar  to  that  observed  under  the  acti^  ot  many  QtDer  drugs  wEidi 
aggjrritart  fn  tfie^bowel.  'l''he  nitrate  ot  potassium  is  generally  con- 
sidered  abetter  diuretic  than  the  sodium  salt. 

The  Fat«  of  tbe  Nitrates  in  th«  Body  is  still  unknown,  and  in  fact 
seems  to  vary  in  different  animals  and  under  different  conditions. 
In  man  and  in  most  animals,  some  nitrate  is  present  in  the  urine 
mgmally,  apparently  derived  from  vegetapie  lood.  aitnough  it  may  in 
some  cases  be  one  of  the  iinal  products  of  the  protein  metabolism- 
Large  doses  of  nitrates  given  by  the  mouth  lead  to  some  increase  in 
the  nitrate  in  the  urine,  although  more  than  half  of  that  ingested  dis- 
appears entirely  in  the  tissues.  Nitrite  has  also  been  found  in  the 
urine  after  targe  quantities  of  nitrates  in  animals  and  the  nitrite 
reaction  is  obtained  from  a  number  of  organs.  When  smaller  amounts 
of  nitrate  are  swallowed  (1—3  G.  in  man),  no  increase  in  the  nitrate 
of  the  urine  is  observed,  the  whole  of  that  ingested  being  changed 
to  some  other  form  in  the  tissues.  It  is  surmised  that  tho  nitrate  is 
reduced  first  to  the  nitrite,  and  then  to  ammonia,  or  that  it  is  eventu- 
ally excreted  by  the  lungs  as  free  nitrogen.  Some  of  the  nitrate  seems 
to  be  excreted  in  the  saliva  and  perspiration,  possibly  unchanged, 
although  it  is  rapidly  reduced  to  nitrite  in  these  secretions,  and  may 
in  fact  be  changed  to  this  form  in  the  secretory  cells. 

The  action  of  the  nitrates  on  the  individual  oi^ans  is  practically 
entirely  unknown.     They  have  a  weak  htemolytic  effect  in  the  blood. 

Kichet  has  found  solutions  of  the  nitrate  of  sodium  less  harmful  to 
fish  living  in  it  than  those  of  any  other  salt  except  the  chloride. 

Peepaeatioits. 
PotaatH  Nitras  iXJ.  S.  P.,  B.  P.),  Nitre_S^^tje  (KNOJ,  0.5-2  G.  (5-30    toT 

SodU  Nitras  (U.  S.  P.),  CJuJi  Saltpetre  (NaNO,),  0.3-2  a.  (5-30  grs.). 
The  nitrates  form  colorlesa  crystalB  with  a  cool,  saline  taste.     They  an 
very  solnble  in  water  and  are  prescribed  in  dilute  solution. 

Tharapantlc  Uaaa, — The  nitrates  are  seldom  tised  now  except  as  in- 
gredifflits  of  diuretic  mixtures;  e.  g.,  along  with  digitalis.  The 
nitrate  of  potassium  was  formerly  employed  largely  in  fevers  and  in 
various  disorders  of  the  metabolism,  such  as  rheumatism  or  gout,  but 
in  none  of  these  has  it  been  found  useful.     The  nitrates  are  to  be 
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given  with^;g£6  whm  tligt^  ia  any  iryitntion  of  the  gtYimnn^f  BTifj  jnfjift- 
ifipp-  Authorities  differ  aa  to  whether  tney  may  lie  prescribed  in 
irritation  of  the  kidney,  but  in  every  case  they  ought  to  be  well 
diluted. 

Paper  impregnated  with  saltpetre  is  used  in  asthma  by  burning 
it  in  the  sick  room,  when  the  pyridine  and  nitrites  relieve  Uie  spasms 
by  relaxing  the  brcmchial  muscles.  Saltpetre  may  be  used  in  cigars 
or  cigarettes  for  the  same  purpose,  and  the  tobacco  may  contain  also 
the  leaves  of  belladonna  or  some  of  its  allies,  as  these  have  a  special 
action  <»i  the  bronchial  muscle,     j 
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TTT.     SDLPHITEB. 

The  sulphites,  an  unimportant  group  of  bodies  from  a  therapeutic  point 
of  view,  have  been  showa  to  have  a  more  poisonons  action  than  many  better 
known  salts.  They  posBesB  fairly  strong  annaeofie  properties,  because  they 
withdraw  n-rvpm  from  organic  niatter  in  order  to  oxidize  themselves  to  anl- 
£JiaLCfii_  injected  into  frogs,  sulpbite  ol  UUUH  UUlUKs  (jlldlll  hjusviilar  weak- 
ness and  depression,  and  eventually  paralyBis  of  the  central  nervous  Bystcm, 
beginning  in  the  brain  and  descending  to  the  spinal  cord.  Later,  the  heart 
becomes  weak  and  ceases  in  diastole,  and  the  peripheral  nerve  t«nninations 
and  the  muscles  are  paralyzed.  In  mammals  the  action  is  exerted  chiefly 
OD  the  medulla  oblongata  and  the  heart.  In  the  dog  and  cat  subcutaneous 
injection  causes  nausea,  vomiting,  reatlessnesB  and  dyspntea  and  great  mus- 
cular weakness,  ending  in  arrest  of  the  respiration,  and  a  little  later  of  the 
heart.  In  the  rabbit  the  symptoms  consist  of  dyspncea,  muscular  weakness 
without  loss  of  spontaneous  movement,  and  finally  death  from  failure  of  the 
respiration  and  the  heart. 

Unch  larger  quantities  are  required  to  poison  animals  when  given  by  the 
mouth  than  when  injected  subcutaneously,  probably  because  the  salt  is  slowly 
absorbed  from  the  alimentary  tract,  and  also  because  some  of  it  is  changed 
to  the  harmless  sulphate  before  it  reaches  the  blood.  Some  irritation  of  the 
stomach  is  caused  from  the  sulphurous  acid  being  freed  hy  the  gastric  juice, 
and  this  induces  vomiting  in  the  dog. 

Intravenous  injection  shows  that  the  chief  seat  of  action  of  the  sulphites  ia 
the  medulla  oblongata,  in  which  they  depress  the  respiratory  and  vasomotor 
centres.  The  heart  is  acted  on  directly  apparently,  for  the  pulse  is  slow,  and 
the  muscular  walls  of  the  vessels  are  also  weakened.  Kionka  states  that  sul- 
phites destroy  the  red  cells  of  the  blood,  and  that  infarcts  are  formed  from 
their  remains  in  the  vessels  and  lead  to  luemorrhages  in  many  organs. 

If  lai^  quantities  be  absorbed  rapidly,  they  prove  immediately  fatal,  but 
if  the  respiration  be  kept  up  for  a  short  time,  recovery  may  follow,  beeansa 
the  poisonous  sulphite  is  changed  to  the  harmless  sulphate  and  excreted. 
Almost  all  of  the  sulphite  absorbed  into  the  blood  is  oxidized  to  the  sulphate, 
a  mere  trace  being  excreted  in  the  urine  unchanged.  The  thiosulphate  ia 
apparently  oxidized  with  greater  difficulty,  for  Walko  found  30-50  per  cent. 
eUminated  by  the  kidneys  unaltered. 
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Lai^  doses  of  sulphites  have  been  taken  by  man  withont  symptoma  of 
poisoning  being  induced.  Even  30-40  gms.  are  said  to  have  been  swallowed, 
bnt  in  most  preparations  of  sulphite  a  lai^  proportion  of  sulphate  is  pres- 
ent, and  it  is  impossible  to  state  how  much  snlphit«  was  really  contained  in 
these  doses.  Symptoms  of  gastrio  and  intestin^  irritation  have  been  indaeed 
by  comparatively  small  quantities,  and  Kionka  found  that  even  smaller  doses 
of  sulphite  administered  daily  to  flnimula  caused  hnmorrfaages  in  different 
organs,  and  accordingly  condemns  the  use  of  sulphites  to  preserve  meat,  wines 
and  vegetables;  in  addition  they  seem  to  have  little  eSeet  in  preserving  meat 
from  putrefaction,  though  they  improve  its  appearance. 

Sodii  Sulphii  (U.  S.  P.,  B.  P.)  (Na,S0,  +  7H,0),  a  soluble  salt  iriiich 
oxidizes  to  the  sulphate  in  the  air,  is  feebly  alkaline  and  has  a  cool,  saline 
taste.     0.3-2  Q.  (5-30  grs.). 

Sodii  BiaulphiB  (U.  S.  P.)  (NaHSO,)  has  a  disagreeable  odor  of  sulphur- 
ous acid,  an  unpleasant  taste  and  an  acid  reaction.    0.5  0.  (S  grs.). 

Sodii  Thiosulphaa  (U.  S.  P.)  (Na,S,0,  +  5H,0)  is  very  soluble,  has  a  cool, 
saline  taste  and  is  neutral  in  reaction.    1  G.  (15  grs.). 

Solutions  of  these  salts  have  been  used  to  a  limited  extent  as  antiseptic 
mouth-washes  in  aphttue,  and  have  been  prescribed  in  some  forms  of  fermen- 
tation in  the  stomach.  They  were  formerly  reputed  to  be  of  benefit  in  cases 
of  pytemia  from  their  supposed  action  as  antiseptics  in  the  blood,  but  have 
never  been  shown  to  be  of  any  real  value. 
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TTTTT     HTPOPHOSPHITES. 

The  hypophosphites  have  been  used  in  therapeutics  in  the  belief  that  they 
had  some  special  influence  on  nutrition.  They  were  formerly  supposed  to 
be  oxidized  in  the  tissues  to  the  phosphates,  but  this  has  been  shown  to  be 
incorrect,  as  practically  the  whole  of  the  hypophosphite  administered  can 
be  recovered  unchanged  from  the  urine.  No  entirely  satisfactory  work  on 
the  effects  of  these  salts  on  the  nutrition  has  been  done,  but  there  is  no 
ground  to  suppose  that  they  have  any  further  action  than  the  other  indifferent 
salts,  such  as  the  chlorides.  The  chief  effect  of  the  hypophosphite  of  iron  is 
undoubtedly  dne  to  the  metallic  ion. 

Fkepakations. 

Sodii  Hypophoaphis  (NaOPH.O)  (U.  S.  P.,  B.  P.),  0.3-1  G.  (3-15  grs.). 

Potasni  Hypophosphis  (KOPH.O)  (U.  S.  P.),  0.5  G.  (8  grs.). 

CcacU  Hypophosphia  (Ca(OPH,0),)  (U.  S.  P.,  B,  P.),  0.2-0.6  0.  (3-10 
grs.). 

Ferri  Eypopliosphie  (Fe,(OPH,0),)  (U.  S.  P.),  0.2  G.  (3  gra.). 

Acidum  3ypaphoaphorosKm  dilutum  (U.  S.  P.),  0.5  c.c.  (8  mins.). 

Synipua  Sypophosphitum  (U.  S.  P.)  contains  the  hypophosphites  of  cal- 
eiam,  potassium,  sodium,  free  hypophosphorous  acid,  spirit  of  lemon  and 
sugar,  S  C.C.  (2  fl.  dra.). 

Syntpta  Hypophospkitum  Compoaitva  (U.  S.  P.)  contains,  in  addition  to 
the  constituents  of  the  above,  iron,  manganese,  quinine,  sttychnine  and  sodium 
citrate.    8  c.c.  (2  fl.  drs.). 

Tlianpentlc  XTBas. — The  hypophosphites  are  used  in  weakness  and  cachexia 
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and  especially  in  cominencinf  phthisis  and  ansnuia.  The  eyrup  with  or  witb- 
out  iron  is  the  form  in  which  they  are  invariably  preacribed.  There  is  a 
popular  belief  that  they  improve  digestion  and  natrition,  but  moat  reliable 
investigatorB  deny  that  they  have  any  other  influence  than  the  better  knoim 
and  cheaper  salts  of  iron,  calcium,  etc. 

XXV.    SAUHE  0ATHABTI08. 

Dilute  solutions  of  such  salts  as  the  chlorideis,  iodides  and  bromides 
of  the  alkalies  are  absorbed  rapidly  from  the  alimentary  canal,  bat 
some  of  the  other  salts  of  these  metals  apparently  permeate  the  epi- 
thelium with  greater  diflScuIty,  and  their  solutione  therefore  remain 
unabsorbed  for  a  longer  time  in  the  intestine.  Little  is  known  of  the 
effects  of  these  salts  in  die  tissues,  but  th«r  action  in  the  intestine 
has  led  to  their  therapeutic  use,  and  they  may  therefore  be  classed 
tc^ther  as  the  e^inejatluiElicg,  in  order  to^JHtingiiish  them  from  the 
rapidly  absorbeo  aaJta^  such  as  the  chlorides,  or  bromides.    The  chief 

I  salts  of  sodium  and  potassium  whtdh  havy  lUls  mtesimal  action  are 
the  sulphates,  phosgbatea,  tartrateg.  and  citrates ;  less  known  ones  are 
the  malates  and  ferrocyanides. 

It  is  manifest  that  the  peculiar  effect  of  these  salts  is  due  to  the 

I  acid  constituent,  or  anion,  and  not  to  the  base  or  kation,  for  the  latter 
may  be  present  in  readily  absorbable  salts,  such  as  chlorides.  All 
combinations  in  which  the  sulphate,  phosphate,  etc.,  ion  is  found, 
therefore,  are  less  easily  absorbed  than  the  corresponding  ones  with 
bromide  or  chloride  ions.  But  these  cathartic  anions  are  only  weakly 
active,  and  no  pronounced  difference  can  be  observed  in  the  action  of 
chlorides  and  sulphates,  unless  the  salt  can  be  given  in  large  quanti- 
ties, as  is  possible  in  the  case  of  the  salts  of  the  alkalies.  The  effects 
of  the  sulphate  and  hydrochlorate  of  morphine,  for  example,  may  be 
taken  as  identical,  because  the  anion  is  present  in  so  small  amount  as 
to  be  practically  inert. 

The  chloride  ion  is  rapidly  absorbed,  as  is  seen  in  the  case  of 
sodium  chloride.  Yet  when  the  chloride  of  magnesium  is  admin- 
istered, it  disappears  only  very  slowly  from  the  bowel.  It  would 
seem,  liierefore,  that  the  magnesium  is  also  more  slowly  absorbed  than 
the  sodium  and  potassium  ions,  and  that  cathartic  action  can  be  ob- 
tained from  either  basic  ions  (kations)  or  from  acid  icms  (anions). 
When  both  ions  of  a  salt  are  slowly  absorbed,  the  cathartic  action  is, 
of  course,  more  powerful  than  when  one  is  rapidly  absorbed.  Thus, 
I  magnesium  sulphate  is  a  more  powerful  purgative  than  either  mag- 
nesium  chloride  or  sodium  sulphate,  because  in  the  first  both  ions  are 
difficult  of  absorption,  while  in  the  others  only  one  is  cathartic.  It 
seems  probable  that  all  the  alkaline  earth  ions  resemble  magnesium  in 
permeating  the  epithelium  with  difficulty. 

The  chief  saline  cathartics  used  in  therapeutics  are  the  sulph^B-of 
I  kodiiLm  t'fllftiiher'H  salt^,  the  sulphate  of  tnagmsium  (Epsom  Balt\ 
Ibuble  tartrate  of  sodium  and  votasnum  i  Jtochelle  salt^  and  the 
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bonate  of  magneaium  have  some  purgative  action  from  being  formed 
into  soluble  salta  io  the  stomach  and  intestine.  But  besides  these, 
man;  other  salts  are  slowly  absorbed  and  might  therefore  be  used  for 
this  purpose.  Thus  the  sulphates,  citrates,  or  tartrates,  of  any  of  the 
alkalies  or  of  the  non-poisonous  alkaloids  might  be  used  for  this  pur- 
pose, provided  they  are  soluble,  and  any  of  the  magnesium  salts  might 
be  used  ia  the  same  way. 

SymptoniB.^ — The  external  application  of  solutions  of  the  saline 
cathartics  has  the  same  effect  as  that  of  any  other  indifferent  salt,  such 
as  sodium  chloride. 

Most  of  the  cathartics  have  a  harsh,  bittef.  u^i^^Bmt  taste,  and  I 
when  taken  in  concentrated  solution,  may  induces^Birausea,  partly  I 
from  the  taste,  and  partly  from  their  effect  on  the  stom8ch7  which  is  I 
the  same  as  that  of  solutions  of  sodium  chloride  of  similar  concentra-  I 
tion.    Dilute  solutions,  however,  provoke  no  such  symptoms,  but  after    i 
one  or  two  hours  induce  a  profusewatery  evacuation  of  the  bowels.    I 
This  is  sometimes  preceded  KyBomeTpain  and  griping,  but  these  are    | 
not  nearly  so  frequent  or  so  severe  as  after  the  ve^able  purgatives. 
Not  infrequently  the  urine  is  increased  in  amount  afterwards,  or  it 
may  be  found  to  have  an  unusually  high  percentage  of  salts.     If  a 
moderate  quantity  of  a  dilute  solution  be  given,  only  one  evacuation 
follows,  but  large  doses  of  concentrated  solutions  induce  repeated 
stools,  which  at  first  contain  some  faecal  matter,  but  later  consist 
mainly  of  bile-stained  mucous  fluid. 

Action:  Intestms. — The  explanation  of  the  action  of  the  saline 
cathartics  baa  been  much  debated,  and  the  details  have  not  even  yet 
been  entirely  settled.  One  point  is,  however,  perfectly  certain — the 
saline  cathartics  differ  from  the  vegetable  purgatives  in  not  inducing  | 
irritation  of  the  intestine,  unless  when  they  are  given  in  very  large  I 
quantities.  The  characteristic  effect  is  not  irritation,  but  retarded, 
absorption.  If  a  solution  of  sodium  chloride  isotonic  with  the  blood 
serum  be  administered  by  the  mouth  to  a  dog  with  a  ctecal  fistula, 
little  or  none  of  it  roaches  the  wound,  as  it  is  all  absorbed  in  the 
stomach  and  small  intestine.  If,  on  the  other  hand,  an  equal  amount 
of  an  isotonic  solution  of  sodium  sulphate  be  administered  in  the 
same  way,  the  most  of  the  solution  escapes  by  the  fistula,  only  some 
10-20  per  cent,  having  been  absorbed  by  the  stomach  and  small 
intestine.  In  a  normal  dog  or  in  the  human  subject,  a  much  larger 
amount  of  fluid  therefore  reaches  the  large  intestine  if  sodium  sul- 
phate be  dissolved  in  it  than  if  sodium  chloride  be  used  instead.  The 
contents  of  the  large  intestine  are  -^n^qiru'lyj^p  fluid  thniLusual, 
and  are  passed  down  more  easily  towards  the  rectum.  At  the  same 
time  the  weijtt  and  '^'°^iRTltil7Tl  of  ^^°  b^""!  induces  increased  peris- 
tfljpia  urn]  the  whole  is  evacuated.  This  increased  peristalsis  is  due,  | 
However,  not  to  any  irritant  action  such  as  has  berai  found  to  be  I 
induced  by  rhubarb  or  croton  oil,  but  to  the  large  amount  of  fluid  | 
contents. 

If  a  weaker  solution  of  sodium  sulphate  is  administered,  the  only 
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I  difference  is  that  more  of  the  fluid  is  absorbed  and  less  reaches  the 
large  intestine ;  but  howeveir  weak  the  solution,  more  of  it  reaches  the 
large  intestine  than  if  a  ooirespondingly  weak  solution  of  common 
salt  had  been  given. 
I  If  a  hypertonic  solution  be  administered,  the  effect  is  somewhat 
1  different.  The  salt  is  still  unabsorbed,  but  it  draws  fluid  from  the 
I  blood  into  the  bowel  from  its  having  higher  osmotic  pressure  than  the 
\  blood.  A  similar  draining  of  the  body  fluids  occurs  when  concen- 
trated solutitms  of  common  salt  reach  the  bowel,  but  the  cathartic 
salts  are  much  more  powerful,  because  they  do  not  pass  out  of  the 
bowel  into  the  blood  so  easily.  Inst«ad  of  an  exchange  of  salt  and 
fluid  being  carried  on  by  the  blood  and  intestinal  contents"^  the  blood 
gives  up  its  fluid  without  any  sufficient  compensation  in  salt.  Even- 
tnally  the  intestinal  fluid  becomes  isotonic,  and  then  some  absorption 
of  both  salt  and  fluid  occurs ;  in  fact,  some  salt  has  been  absorbed  all 
along,  as  the  epithelium  is  not  absolutely  impermeable  to  the  cathai^ 
ties.  But  much  less  of  the  sulphate  is  absorbed  than  of  the  chloride 
given  in  equal  concentration,  and  as  a  general  rule  a  strong  solution 
causes  such  an  accumulation  of  fluid  that  the  bowel  becomes  distended 
and  evacuates  its  contents.  If,  however,  from  any  cause  this  fails  to 
occur,  a  gradual  absorption  follows  and  the  whole  salt  and  fluid  in  the 
bowel  is  absorbed.  These  salts  may  fail  to  purge,  for  example,  when 
the  blood  and  tissues  contain  very  little  fluid,  as  in  animals  which 
have  been  deprived  of  water  for  several  days  previously.  In  this 
case  the  osmotic  pressure  in  the  bowel  is  unable  to  draw  fluid  from 
the  concentrated  blood,  which  on  the  other  hand  has  a  higher  attrac- 
tion for  the  fluid  in  the  bowel  than  usual.  But  where  lat^  quanti- 
Ities  of  fluid  are  present  in  the  tissues,  as  in  csdema  and  dropsy,  the 
saline  cathartics  drain  them  through  the  blood  into  the  bowel,  and 
very  profuse  evacuation  occurs,  with  the  disappearance  of  the  exudate. 

There  is  still  some  doubt  as  to  why  the  saline  cathartics  are  so  ' 
slowly  absorbed  from  the  intestines,  but  the  most  widely  accepted  view 
is  that  they  fail  to  penetrate  into  the  cell,  exactly  as  the  salts  of  the 
metals  fail  to  penetrate  the  red  blood  cells,  that  there  is  a  distinct 
afiinity  between  the  bowel  epithelium  and  the  chloride  of  sodium,  but 
only  a  much  weaker  one  between  it  and  the  cathartics,  which  there- 
fore fail  to  permeate  it  The  acceptance  of  this  view  does  not  involve 
the  rejection  of  the  belief  that  the  cell  is  actively  engaged  in  absorp- 
tion, for  it  is  difficult  to  explain  how  a  solution  after  penetrating  the 
superflcial  layers  of  the  epithelium  is  passed  on  from  them  to  the 
blood  except  by  assuming  that  the  cell  exercises  some  propelling  force, 
which  may  be  exerted  only  during  its  life. 
I  The  further  question  arises,  why  the  intestinal  epithelium  should 
I  1  be  permeable  by  certain  salts  such  as  the  chloride  of  sodium  and 

J  impermeable  by  others  (sulphate  of  sodium).  In  this  relation  it  has 
I  been  found  by  Hofmeister  and  Pauli  that  the  putative  salts  have  a 
[greater  tendency  to  precipitate  ptQteins  and  have  less  tendency  to 
^rmeate  iHOTunorganizea  colloids  tLan  most  of  the  non-pui^tive 
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salts.  In  numerous  other  instances  the  sulphates,  tartrates,  and 
other  cathartic  anions  have  proved  slower  in  permeating  into  living 
cells  than  the  chlorides  and  bromides,  and  their  effects  on  the  blood 
cells,  muscle,  nerve,  and  some  other  tissues  show  marked  deviations 
from  those  of  the  halogen  salts.  It  is  impossible  to  determine  at 
present  hovr  far  the  action  of  these  anions  is  explained  by  their  slow 
permeation  and  how  far  a  more  specific  action  is  involved,  but  there 
can  be  no  question  that  the  former  factor  is  the  predominant  one  in 
many  of  these  reactions.  Another  curious  relation  between  the 
pui^tive  anions  is  that  their  calcium  salts  are  all  very  much  leas 
soluble  than  those  of  the  salts  which  penetrate  the  epithelium,  but 
whether  this  is  merely  a  coincidence  or  not  is  uncertain.  Host  of  the 
catbarticl&iions  are  bivalent  or  trivalent,  but  this  is  not  true  for  all 
of  them,  for  the  hi^er  members  of  the  acetate  series  are  absorbed 
with  the  greatest  difficulty  by  the  intestine. 

The  saline  cathartics  induce  certain  changes  in  the  Blood  indirectly 
through  their  action  on  the  intestine.  They  prevent  the  absorption 
of  the  fluid  of  the  food,  or,  if  in  sufficient  concentration,  actually  draw 
fluid  from  the  blood  and  tissues  into  the  bowel,  and  under  both  condi- 
tions the  blood  becomes  more  concentrated  than  usual ;  in  the  first 
case  because  it  is  not  reinforced  by  the  usual  amount  of  fluid  from 
the  food,  in  the  second  because  it  actually  loses  fluid  into  the  intestine. 
This  concentration  of  the  blood  leads  to  a  sensation  of  thirst,  and  to 
a  lessened  excretion  of  fluid  by  the  kidneys  and  other  glands. 

A  certain  amount  of  salt  and  of  fluid  is  abgoEhed  from  the  intestine, 
unless  purgation  follows  very  rapidly,  and  this  salt  acts  in  the  blood 
and  tissues  in  the  same  way  as  the  salta  which  do  not  act  as  cathartics. 
When  very  dilute  solutions  of  these  salts  are  given,  therefore,  the 
effect  is  similar  to  that  of  ordinary  salt,  except  that  the  hydnemia 
and  the  diiir.wis  do  not  follow  so  soon,  because  the  absorption  is 
somewhat  slower.  Stronger  cathartic  solutions  at  first  cause  a  concen- 
tration of  the  blood  and  lessened  urine,  but  afterwards  the  excess  of 
salt  in  the  blood  may  cause  diuresis.  The  greater  the  purgative 
action,  the  less  the  diuretic,  because  more  fluid  and  more  of  the 
cathartics  are  thrown  out  in  the  stools.  If  no  purgation  follows  for 
any  reason,  as  when  the  blood  has  been  concentrated  by  long  absti- 
nence from  water,  the  whole  of  the  salt  eventually  passes  into  the 
blood  and  is  excreted  by  the  kidney,  and  may  cause  very  considerable 
diuresis  and  a  still  further  concentration  of  the  blood.  The  sulphates 
are  absorbed  by  the  epithelium  of  the  renal  tubules  with  much  greater  1 
difficulty  than  chloride,  and  thus  offer  osmotic  resistance  to  the  ah-  I 
sorption  of  the  fluid  in  the  tubules ;  sulphates  absorbed  into  the  blood  I 
therefore  induce  a  more  diffuse  diuresis  than  an  equal  amount  of  I 
chloride,  but  less  of  the  former  reaches  the  blood  generally,  so  that  the 
chlfirides  are  better  practical  diuretics. 

I'rom  the  above  it  can  be  at  once  inferred  that  a  saline  cathartic, 
injected  intravenously  causes  no  purgation,  for  instead  of  preventing 
the  passage  of  fluid  from  the  bowel  into  the  blood,  it  rather  encourages/ 
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its  absorption  b;  increasing  the  oanotic  pressure  of  the  blood.  And 
Bimilarly  the  hypodermic  injection  of  these  salts  is  not  followed  by 
purging.  A  certain  amount  of  discussion  has  been  carried  on  in  the 
last  few  jeara  on  this  point,  but  the  result  has  been  to  confirm  this 
view  and  to  indicate  that  experiments  which  seemed  to  oppose  it  were 
erroneously  performed. 

The  statement  is  sometimes  made  that  the  saline  cathartics  act  as 
cholagogues,  i.  e.,  increase  the  secretion  of  bile,  but  this  has  not  been 
confirmed  by  more  careful  observations. 

The  Temperatnre  is  often  somewhat  reduced  by  the  action  of  the 
saline  cathartics,  but  seldom  more  than  one  half  degree. 

The  habitual  use  of  saline  cathartics  is  often  efficient  in  Badndns 

I  th«  Weight  in  obesity,  and  many  of  the  natural  mineral  waters  have 
a  considerable  reputation  in  the  treatment  of  such  cases.  This  ap- 
pears to  be  due  in  part  to  jeaa  proteins  and  fatsbcing  absorbed  from 
the  intestine,  in  part  to  the  fluids  oIThe  body  being  decreased.  There 
seems  no  reason  to  suppose  that  any  marked  change  in  the  nitrogenous 

.  metabolism  is  induced  by  the  cathartics,  for  the  nitrogen  in  the  urine 

\  is  often  practically  unaltered  in  amount. 

When  puliation  follows  the  administration  of  a  saline  cathartic, 
the  most  of  the  salt  escapes  in  the  faaces,  never  having  been  absorbed 
at  all.  When  the  salt  faih  to  purge,  however,  and  is  absorbed,  it 
undergoes  the  usual  exchanges  in  the  tissues  and  is  excreted  by  the 
urine.  There  is  no  reason  to  suppose  that  any  of  it  appears  again  in 
the  stomach  or  intestine. 

The  Sulplifttes  seem  to  pus  throu^  the  IJMuefl  withootinjunn^^^em, 
and  bat  little  effect  is  observed  from  injecting  conaidentltf  quantities  mto 
the  blood.  When  the  eulptiate  ion  is  combined  with  a  poisonous  base,  sncfa 
as  potassinm  or  magnesium,  the  injection  is  of  course  followed  by  ehanicter- 
iadc  symptoms;  bat  the  anion  eeems  to  be  comparatively  harmless,  and  when 
the  potaBsiam  or  magnesiuui  salt  ia  taken  by  the  mouth  it  also  is  quite  devoid 
of  general  action. 

The  niosphates  are  nlpn  ^rgry  i>ipi-Hpi»  after  abBorption.  Qamgee  found 
the  orthopboapbate  quite  harmless,  wkile  iiie  metaphosphatcs  and  pyrophos- 
phates are  poieonouB,  more  especially  the  last,  when  injected  subeutaneoasly 
or  intraveaoasly.  Phosphates  absorbed  in  man  and  in  the  camivora  are 
excreted  by  the  kidney  and  increase  the  acidity  of  the  urine;  in  the  berbivora 
they  are  excreted  exclusively  by  the  bowel  wall.  ' 

\  The  Citrates  are  rapidly  o^^^j^a^  jji»4igues  to  carbonates,  and  only 
(traces  of  the  unchanged  salt  escape  in  Uie  unne.  The  urjog  may  thus  be 
Twnjw^^  plltaline^y  the  administration  of  the  citrates,  especially  in  small 
quantitiea  which  ue  insufBcient  to  induce  purgation  (see  hydrates  and  car- 
bonates of  the  alkalies,  page  547).  The  Tartrates  are  more  slmd^-OxidiEed, 
and  a  considerable  quantity  is  excreted  in  the  urine  unchanged.  Injected 
into  the  blood  directly,  the  citrates  and  tartrates  seem  to  act  as  heart  poisons, 
but  very  little  is  known  in  regard  to  this  point. 

The  UaKneaiom  Salts  have  recently  been  shown  by  Meltzer  to  have  a  very 
powerful  action  when  injected  hypodermically  or  intravenously.  The  most 
chajacteristic  effect  is  complete  antEsthesia,  resembling  that  induced  by  the 
chloroform  group,  and'enjlni'  i^i  fata]  cases  in  paralysis  of  the  rBgnira^orv 
wflfcrir.  This  arieea  from  direct  affection  or  the  central  nervous  system,  and 
munediate  recovery  follows  the  injection  of  a  calcium  salt,  whi-ih  opposes  the 
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magnemmn  aetion  L 
dQm).    Applied  to  a 


and  ii 


e  way  bb  it  does  that  of  pure  Bodinm  (se 

a.  nerve  tnmk,  magneainin  ealta  in  25..pa£.jsiiL_Bf 

L-ttB  yw^ninp,  paralyEiDg  first  the  aSerent  and  later  the  I 
ind  injected  into  the  intradural  apace  they  cause  complete  I 
i  at  the  lower  port  of  the  body  like  cocaine;  magnesiom  sulphate  I 
n  fact,  been  substituted  for  cocaine  occasionally  tor  sui^cal  operations  1 
a  the  treatment  of  tetanus.     The  antesthesia  lasts  very  much  longer  and 
this  rendeis  it  nnsnitable  for  sui^cal  work,  but  several  eases  of  tetanus  treated  J 
by  subdural  injection  of  magnesiom  Bulphat«  have  recovered.     (Dose,  about  | 
0.02  G.  per  kg.  in  man.)     UagneBium  has  comparatively  little  effect  on  the 
heart,  tending  to  lessen  the  excitability  of  the  vagus,  and  this  effect  may  also 
be  abolished  by  Ume  salts.     It  reduces  the  irritability  of  the  intestine  when 
injected  intravenously  and  arrests  the  peristelsis  aroused  b;^  phyj^tjgHgrninn 
or  bariam.     It  also  appears  to  bav^  some  effect  on  the'  mjroneural  receptors  | 
in  mnscle,  for  it  arrests  the  twitchings  induced  by  physostigmine  and  in  large  \ 
doses  interrupts  the  path  from  nerve  to  mnscle  in  tbe  same  way  as  curara. 
Wben  '"itlife"^  'ift^'avenouslv  magnesimu  proves  to  be  considerably  more  poi-| 
^tun,  bnt,  unlike  the  latter,  kills  by  paralyzing  the'tSap^-l 
IBj*  ittf^fta,  fl^-e  "licited  whenmagnesium  salts  are  given  by  1 
tti^  mf>ntB"  as  th"<^»b'f"'bp<^  in  pjcreted  rapidly  and  thereTi 


I  traces  may  appear  in  the  secretions  from  other  organs.  It  is 
eliminated  rapidly,  the  whole  appearing  in  tbe  urine  within  4S  hours,  and  this 
excretion  of  magnesinin  is  attended  by  an  increase  in  the  calcium  of  tbe  urine, 
while  that  of  the  faces  may  diminish. 

Tbe  Mii^e  and  carbonate  of  mayneflmm  differ  from  the  other  saline 
cathartics  in  being  very  insoluble  and~lii  possessing  an  alkaline  reac-\ 
tion.    Fart  of  that  ingested  is  formed  into  magnesium  chloride  in  the  | 
attach,  however,  and  the  carbonic  acid  present  in  the  intestine  may  | 
dissolve  part  by  forming  the  bicarbonate.     Their  alkalinity  serves  t( 
remedy  any  excessive  acidity  of  mest^ach  or  intestine,  while  at  tb( 
same  time  they  are  mildly  cathartic.     The  prolonged  use  of  largt 
quantities  of  magnesia  has  in  some  cases  led  to  the  formation  of  larg< 
concretions  in  the  bowel,  resulting  in  obstruction. 

PBEPABATtOnS. 

SODn  SmJHAS  (U.  S.  P.,  B.  P.),  qknher[8  salt  (Na,SO.,  10H,O),  soluble 
in  about  if  parts  of  cold  water,  2-30  G.  [30  gr9v-l  oz.). 

MA0»5BU-S>n*HA8  (U.  8.  P^BTP.),  Epsom  salts  (MgSO^TH.O),  soluble 
in  1)  parts  of  cold  water,  2-3fiA  (30  grs.-l  oz.). 

Potastii  Sulphai  (U.  S.  F^P.),  1^  Q.  (15-60  grs.). 

These  are  crystalline  salts  with  a  harsh,  bitter  taste. 

SoDn  PHOSPHAS  (U.  S.  P.,  B.  P.)  (Na^PO,  +  12H,0),  soluble  in  about  6 
parts  of  cold  water,  1-30  G.  (15  grs.-l  oz.). 

Sodii  Pyrophogphas  (U.  S.  P.)  (Na.P.O, +  10H,0),  2  G.  (30  grs.). 

These  are  crystalline  salts  with  a  cool,  saline  taste. 

Liquor  Sodii  Pho»phatia  Compositua  (U.  S.  P.)  contains  sodium  nitrate  and 
citric  acid.    Dose,  8  c.c.  (2  fl.  dra,). 

Sodii  Pkosphaa  ^xsiccatus  (U.  S.  P.),  dried  sodium  phosphate,  1  0.  (15 
grs.). 

Potaasii  Bitartras  (TJ.  S.  P.),  Potasaii  Tartraa  Acidue  (B.  P.),  cream  of 
tartar  (KHC.H.O,)-  1-*  G-  (15-60  grs.). 

PflT,*MiT  gr  finn^  XtifpmH  (U.  S.  P.),  S(M>A  Taktarata  (B.  P.),  Bocbelle    ' 
salt  (KNaC,H.0,  +  4H,0},  soluble  in  1.4  parts  of  cold  water,  8-16  Q.  a20- 
240  grs.). 
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PoUuaii  Citraa  {U.  8.  P.,  B.  P.)  (C^.OH(COOK),),  1-3  G.  (15-45  ere.). 

Litha  Citras  (U.  S.  P.,  B.  P.)  (C^.0H{C00Li),4H-0),  0.3-0.6  G. 
(5-10  grs.). 

SodiiCitrm  (V.  S.  P.)  (2CJa,0H(C00Nft),  + IIH.O),  1  G.  (ISgrs.). 

These  form  ealta  with  a  cool,  Ballne  or,  in  Qie  case  of  the  bitartratc,  uJda- 
lona  taate.  They  are  all  very  soluble  in  water,  except  the  bitartrate.  The 
citrates  are  not  purgative  in  ttie  doee  given. 

Maghesq  OxiDiTif  (U.  8.  P.),  Uaonbsu  Levis  (B.  P.),  light  or  calcined 
magneaia  (MgO). 

MAOlfESlA  PONDEBOSA  (B.  P.),  MAGNBSn  OziDITU  POHDEBOSDlf  (U.  S.  P.), 

heavy  magnesia  (UgO). 

•  MiGNnan  CAKBONAa  (U.  S.  P.)  ((Mg<;0.)jag(0H),  +  5H,0). 
1^  MAQNBsn  Cabbon  AS  Levis  (B,  P.)  1  ,<ifw,^n  \  w-zn-m    A-at\\ 

►'Magnesii  Caebonas  Ponderosa  (B.  P.)  I  <3(*fsC0.>'  Mg(OH)„  4H.0). 
These  all  form  white  amorphous  powders  with  an  earthy,  not  saline,  taste. 
.Oi^— 4<b  3^bey  are  insoluble  in  water,  bnt  the  carbonate  is  disaolved  by  excess  of  car- 
'      bonic  acid.     0.3-4  G.  (5-60  gis.). 

Efferresdng  PreparatloiiB. 
I  PpfuiH  EPMBygBCgHs  CQUEoauus  (TJ.  S.  P.),  Pulvis  Sod^  Tabtasat^ 

I      EprEBVESCEKsTB.  p.),  SeidStz  powder. 

•  This  powder  is  made  upTB"  two  papers,  of  which  the  blue  one  contains  a 
I  mixture  of  3  parts  of  Rooballe  salts  and  onB  pafj:  of  mvjiiim  tHcarbonate,  in  all 
I     10.4  G.  (160  grs.),  while"  thewhite  paper  contains  2.2b  U.  (3»  ^  B.  P.)  of 

*  tytaric  acid.  When  the  powders  are  dissolved  separately  in  water  and  tlie 
solutions  mixed,  the  tartaric  acid  acting  on  the  bicarbonate  releases  carbonic 
acid  with  effervescence, 

\  Liquor  MagnesU  Citratia  (U.  8.  P.)  is  a  solution  of  maCTMiniQ  citrate  with 
excges  of  citric  acid  to  which  pntj{«iitm  bieiurbonate  is  aade£  The  whole  is 
Sottied  ughiiy  aBd  effervesces  when  the  corfc  is  removed.    360  e.c,  (12  fl,  oz,). 

LitJrii  Citras  Efferveaceiu  (U.  8.  P.,  B,  P.),  a  mixture  of  lithium  carbonate 
or  citrate  with  sodium  bicarbonate,  and  citric  acid  (and  tartaric  acid,  B.  P.). 
4-8  G.  (60-120  gre.). 

Magnesii  Sulphas  Efferveseens  (B.  P.,  TT.  S.  P.),  a  mixture  of  Epsom  salts, 
sodium  bicarbonate,  tartaric  and  citric  acids,  which  effervesces  wlien  mixed 
with  water.  60-240  grs.  for  repeated  administration;  for  a  single  adminis- 
tration i-1  oz. 

Sodii  Sviphat  Effervescena  (B,  P.),  a  similar  nuxtura  containing  the  sul- 
phate of  soda  instead  of  that  of  magnesia.  60-120  grs.  for  repeat^  admin- 
istration; for  a  single  administration  i-i  oz. 

Sodii  Phosphas  Effervescent  (B.  P.,  U.  S.  P.),  similar  to  the  above,  but 
containing  the  phosphate  in  place  of  the  sulphate.  Dose  as  for  the  effer- 
vescent sulphate. 

£^odn  Citrotartras  Effervescent  (B.  P.),  a  mixture  of  sodium  bicart>onate 
with  tartaric  and  citric  acids.  It  is  not  a  purgative  in  the  dose  advised  in  the 
B.  P.     60-120  grs. 

Many  other  effervescent  miztnres  are  used  instead  of  the  official  ones — 
among  them  the  tartrates  and  citrates  of  the  alkalies,  the  acetate  of  nutj^ 
nesinm,  etc. 
\  The  sulphates  of  sodium  and  of  magnesinin,  the  tartrates  of  sodium  and 
I  potassium  and  the  phosphate  of  soda  are  given  in  solution,  the  last  often  in 
milk.  Unless  under  special  conditions  the  salts  ought  not  to  be  in  greater 
concentration  than  fi-lQ  ppf  cent.     Magnesia  and  magnesium  carbonate  are 

I  administered  in  powder,  sweetened  if  nectasary.  The  effervescent  prepara- 
tions  are  always  to  be  taken  in  solution  in  about  a  tumbler  of  water;  in 
some  instances  in  which  this  was  not  understood,  severe  distention  of  the 
stomach  with  alarming  symptoms  have  arisen  from  the  carbonic  add  being 
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freed  in  the  stomach.    The  effervescent  preparations  ought  to  be  kept  dry, 
and  the  solation  of  magnesium  citrate  has  to  be  kept  tightly  corked. 

Very  often  the  natural  mineral  waters  are  used  instead  of  the  pharma-  > 
copffiial  preparations,   the  best  knows   purgatives   among  these   being  the  ) 
Hunyadi-Janoa  water  and  Carlsbad  water,  which  contain  the  sul^hateaof  ( 
sodium  and  magueainm.    "  Carlsbad  salts  "  are  obtained  by  the  erapoBl^n 
ofue  waters,  but  are  very  often  artificial  imitations.     Many  other  springs 
have  the  same  effects,  and  a  widespread  belief  exists  that  the  natural  waters 
are  "  more  effleient "  or  "  less  depressant "  or  have  some  mystical  virtues  that 
are  not  shared  in  by  the  artificial  salts,  but  this  belief  does  not  seem  to  have 
any  real  basis,  and  is  probably  a  survival  of  the  old  religious  belief  in  the 
healing  properties  of  springs. 

In  the  natural  waters  the  purgative  salts  are  always  accompanied  by  other 
less  active  ones,  such  as  the  dilorides  of  sodium,  calcium,  etc. 

Thenpentic  Uses.^ — The  saline  cathartics  are  very  lately  used  to  l 
relieve  constipation.  Habitual  constipation  seems  to  be  caused  by  I 
iDSufficient  peristalsis,  and  the  slow  passage  of  the  contents  tbrongh  / 
the  intestines  allows  of  a  more  complete  absorption  than  usual,  this  in  I 
turn  rendering  the  fasces  bard  and  dry  and  difficult  to  move  onwards.  \ 
The  saline  cathartics  increaae  the  fluidity  of  the  intestinal  contents,  I 
and  thus  facilitate  their  expulsion,  and  this  is  probably  the  only  effect  1 
they  have  when  taken  in  small  quantities,  and  especially  in  dilute  I 
solution  as  in  the  natural  mineral  waters.  In  larger  quantities,  how- 1 
ever,  more  water  is  retained  in  the  bowel,  and  the  weight  and  disten- 1 
tion  cause  peristalsis,  while  in  sufficient  quantity  they  draw  fluid  1 
from  the  blood  and  cause  profuse  watery  discharges.  When  a  very  I  - 
ccm^^^te  evacuation  is  desired,  the  saline  cathartics  may  be  given  I 
at^gwTth  36Kae  o±  the  vegetable  purgatives.  Such  mixtures  are  the  I 
official  Black  Draught  (see  Senna)  and  the, compound  powder  of  a 
•*gTiT'~  -^-*"'  ""''"p^ft^^"'^'''''  act  much  more  rapidly  than  the  v^gg^/ 
table  pui^atives,  and  a  c^nttnr-nlfethod  of  combining  their  effects  is  I 
to  give  the  latter  in  the  evening  and  the  saline  the  following  morning.  I 

The  chronic  constipation  due  to  sedentary  habits  is  much  benefited  1 
by  the  saline  cathartics,  more  especially  by  dilute  solutions  taken  j 
before  breakfast.  The  sulphates  and  tartrates  are  harsh  and  unpleas- 
ant to  the  taste,  and  the  natural  waters  are  oft«n  preferred,  or  one  of 
the  effervescent  preparations  may  be  used  in  those  cases. 

The  sulphates  and  tartrates  are  more  frequently  used  where  a  single 
large  doae  has  to  be  prescribed  in  order  to  empty  the  bowel,  but  her© 
also  the  Seidlitz  powder  may  be  advised  instead,  as  being  more 
agreeable  to  the  taste.  These  cathartics  were  at  one  time  used  in 
fever,  partly  from  a  theory  that  they  reduced  the  temperature;  they 
are  certainly  less  liable  to  cause  pain  and  griping  than  the  vegetablfl 
pni^atives,  and  Lhliu  Itilld  Lo  Jisturb  the  pULltUiL  Itisa. 

The  sodium  phosphate  is  often  prescribed  for  children,  either  as  a 
powder  to  be  given  in  jelly,  or  in  solution  in  milk  or  other  food, 
which  completely  bidee  its  taste. 

The  saline  cathartics  are  used  to  less^i  intestinal  putrefaction,  and 
are  sometimes  very  efficient,  though  they  do  not  act  through  any  anti- 
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1  septic  pOTver,  but  simply  by  removing  tne  putrefying  mass.  The 
pfaoepbate  of  soda  has  been  especially  recommended  in  some  forms  of 
diarrhoea  in  children. 

The  saline  cathartics  are  administered  to  remove  aocnmnlations  of 

(fluid  in  the  body  arising  from  cardiac  or  renal  insufficiraicy,  or  from 
an  old  effusion.    For  this  purpose  the  sulphate  of  magnesium  is  used 
in  a  large  dose,  dissolved  in  about  its  own  weight  of  water;  if  parga- 
tion  does  not  follow  in  1—3  hours,  an  enema  may  be  necessary,  or  the 
saline  may  be  given  along  with  a  v^etable  purgative.    This  form  of 
treatment  was  very  popular  at  one  time,  but  is  liable  to  weaken  and 
depress  the  patient,  and  is  specially  contraindicated,  therefore,  in 
I    asthenic  conditions.     Other  methods  of  removing  accumulations  of 
/    fluid  are  by  the  use  of  diuretics  (see  caffeine,  theobromine,  page  250), 
I     diaphoretics   (see  pilocarpine,  page  318),  or  by  cardiac  remedies 
'      (digitalis,  page  357). 

As  diuretics  the  saline  cathartics  are  inferior  to  other  sal^s,  such 

I  as  the  acetates  or  nitrates.    Lai^  quantities  of  dilute  solutions  of  the 

I  purgative  salts  are  of  value  in  the  treatment  of  some  forms  of  obesity, 

the  mineral  waters  being  generally  prescribed  for  this  purpose,  or  the 

patient  being  sent  to  drink  them  at  their  source. 

Maflpeaia  and  magnesium  carbonate  are  less  liable  to  purge  than 

Ithe  soluble  salts,  and  are  specially  indicated  in  hyperacidity  of  the 
stomach  or  in  acid  putrefaction  in  the  bowel.  They  cause  lessirrita- 
tion  than  the  carbonates  of  the  alkalies  because  of  their  insoiubilify, 
and  at  the  same  time  have  tne  advoirtage  of  acting  as  mild  purgatives, 
while  the  lime  preparations  which  are  insoluble,  tend  to  induce  con- 
stipation. The  magnesia  preparations  may  be  used  also  in  diarrhoea 
as  antacids,  as  they  have  no  irritant  action  on  the  bowel.    Freshly 

1  prepared  magnesia  is  recommended  in  arsenic  poisoning  to  form  an 
insoluble  precipitate  in  the  stomach,  and  in  poisoning  with  acids  it  is 
also  of  value  when  it  can  be  obtained  readily.  In  both  cases  it  is  to 
be  given  in  large  quantities. 

The  phosphate  of  soda  has  been  given  in  various  bone  diseases,  as  in 
osteomalacia  and  rickets,  this  treatment  being  fonnded  on  the  belief  that 
the  softening  of  the  bones  is  due  to  the  laek  of  phosphates  in  the  food,  bat 
there  is  no  reason  to  suppose  that  this  idea  is  correct,  and  the  treatment  is 
not  attended  with  euccess.  It  has  also  been  recommended  in  the  uric  acid 
~^.  diathrais.  The  phosphates  have  been  supposed  to  be  of  beoefit  in  nervons 
diseases,  on  the  theory  that  these  -were  due  to  the  insafSciency  of  phosphonu 
in  the  brain,  and  glycero-phoaphates  have  been  introduced  for  the  same  rea- 
son, but  both  theory  and  practice  have  proved  to  be  erroneous,  for  the  animal 
oi^anism  is  unable  to  build  up  protein  combinations  from  their  inorganic 
constituents.  The  use  of  sulphate  of  sodinm  in  phenol  poisoning,  which  was 
at  one  time  recommended,  has  been  shown  to  be  quite  without  effect  on  the 
progress  of  the  intoxication. 
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'^XV.    HTDBATE8  AlID  OAItBONATES  OF  TOE  ALKALIES. 

The  hTdraifia--and  carbonatea-of  potaaeium,  sodium  ami  Hthjum  — - 
'  HT  phannacolcy;icaI  action  entirely  to  i' 


owe  their  phannacolcy;icaI  action  entirely  to  the  nM^^n-^tnllif  '""i 
which  is  90  much  more  powerful  than  the  metal  that  the  latter  may 
be  discounted.  In  the  hydrates  the  active  constituent,  then,  is  — ^HO. 
The  carbonates  and  bicarbonates  dissociate  into  K-  or  Na-ions  and 
— COg,  but  the  latter  rapidly  combines  with  the  hydrogen  of  the 
water  and  thug  frees  ~OH,  so  that  the  final  effect  is  the  same  as  if 
B  hy/lTflfP  hnA  hifn  ni^mjpigtcrcd.  cxcept  tliat  the  cartKiBlHtiH  aiw  lew 
rapiHI?  Hjfwiv'intpjl  flmn  thp  >tTr[ratea,  and,  Ipm  — QTT  being  formed, 
are  iiwa  violpnt  in  thftir  action.  This  hydroxyl  ion,  then,  is  what 
lllUuiMiH  the  aiKaline  reaction  of  the  solutiona  and  their  pharmaco- 
If^cal  effect,  the  metallic  ion  only  serving  as  a  means  of  applying 
the^  hydroxyl  ion,  but  not  aff'^tifar  *^''  r^°"^'"^"l"fnnnl  n^tjftTi-  In 
otfier  words  tfie  alkalinity  (hydroxyl  ion)  of  the  hydrates  and  cal^ 
bonates  determines  their  action;  the  metal  has  no  practical  im- 
portance. 

It  is  therefore  erroneous  to  take  the  hydrates  and  carbonateB  aa  typifying  y 
the  action  of  potassiam  or  sodium,  for  in  these  the  metallio  action  is  much  ' 
less  distinct  than  in  the  chlorides,  the  CI  ion  being  practically  inert,  while  1 
the  hydrosyl  is  exceedingly  poisonous. 

It  may  be  remarked  in  passing  that  the  importajice  of  tha  reactinr^  between  { 
^kaliea  and  acids  lies  not  in  the  combination  of  the  metal  with  the  anion 
or  the  acid,  but  in  the  comhi nation  of  the  powerf nl  bydroryl  ion  with  the  | 
hydrogen  ion  of  the  acid.  In  the  effects  or  potaasic  hydrate  in  tUfl  HTRIHUUII, 
tne  main  unporlUJ^  is  t&  be  attached  not  to  the  potaesic  chloride  formed, 
but  to  the  water  (K— HO +  H— C1=K— CI -f  H.O),  for  the  potassinm  and 
chloride  ions  remain  unchanged  by  the  operation,  while  the  h  ' 
hydrogen  '""-  .^"[ipp— - 

Action. — The  pharmacol<^cal  action  of  this  group  is  due  to  their 
powers  of  ngutralizing  acids  and  of  dissolving  proteins  and  changinfr 
them  to  alkali -proteins,  and  in  a  less  degree  to  their  saponifying  fata. 
They  have  in  addition  the  ordinary  salt-action,  and  in  concentrated 
aolntions  withdraw  fluid  from  the  tissues. 

The  solution  of  proteins  by  the  alkalies  and  the  characters  of  the 
compounds  thus  formed  outside  the  body  are  well  known  and  need 
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not  be  entered  into  here.     The  samn  anlvpnt.  m^fitm  is  observed  jp  the. 
Iwing  fifla^lpH  whenever  t>iB  hTfj^atcg  and  carbonates  come  in  contact 


lw>npf  f.[^ag^lpH  whenever  t 

with  mem  in  sufficient  concentration.  The  hydrates  are,  of  cotiree, 
much  more  powerful  solvents  than  the  carbonates,  and  these  than  the 
bicarbcmateB.  In  very  dilute  solutions  this  solvent  action  is  exercised 
onlj  on  the  superficial  tissues,  but  when  stronger  solntions  are  used, 
or  when  even  weak  solutions  remain  long  in  contact  with  the  tisanes, 
they  tend  to  penetrate  more  deeply  and  cause  widespread  destruction 

I  or  corroBJOD.  lUeee  Dodies  form  soluble  compounds  with  the  proteins 
and  are  only  slowly  neutralized  by  the  tissues,  so  that  no  such  barrier 
is  raised  against  their  penetration  as  is  met  by  some  other  corrosives. 

Applied  to  the  Skin  weak  solutions  dissolve  the  superficial  layer  of 
homy  matter  and  the  oily  secretions  of  tha  glands,  and  thus  pjganae 
the  surface  more  thoroughly  than  water  or  solutions  of  neutral  saltiT 
When  applied  for  some  time,  they  penetrate  more  deeply  and  cause 
some  slight  irritation  p",^  railnoaa  Concentrated  solutions  dissolve 
the  skin  and  cause  upgrnaia  n£  the  deeper  tissues,  generally  covered 
hy  ft  BeniltrgB6parpTif  ortiat.  -tYhit^.h  falln  nfF  in  tVin  nniirgn  nf  g  ff™  ^'j", 
leaving  an  ulcer.  The  solutions  of  fhn  oij^rhfy <•*"'•  ni-o  ■m^y;^  Ipbh 
corrosive  tnan  those  of  the  favHrflfM,  ar,i\  indnf-p  actual  lesion  of  the 
dkiu  liuly  lilKlbi^  ezcepHonai  circumstances,  such  as  very  prolonged 
application. 

In  the  Month  the  hydrates  and  carbonates  have  a  characteristic 
'*  alkaline "  taste,  and  dissolve  the  superficial  layers  of  the  lining 
membrane  and  the  mucus  of  the  secretions.  The  lips>  tongue,  and 
gums  assume  a  bright  red  color  from  the  irritation  Jtpd  tppi  annpy  in 
thg  touch.  Utmccntrated  solutions  may  cause  deep  corroeiop.  as  in 
the  skin,  while  very  weak  solutions  have  no  effect  except  the  char- 
acteristic taste  and  a  reflex  flow  of  saliva.  The  corrosion  caused  by 
strong  solutions  extends  t"  t^"  tlir""*^  ""'^  tpg^plmg^ig,  and  may  either 
.VUwJIl     prove  immpjintply  fatal  f,r  may  give  rise  to  pif^^tpi^j  Subsequently, 

The  effect  of  the  hydrates  and  carbonates  in  the  Stomach  has  been 
much  disputed,  and  even  now  it  is  impossible  to  explain  some  of  the 
therapeutic  results.  SmalLquastitifiaAEe-andoubtedly  neutralized  by 
the  hydrocblor'"  "'"''^  .C'*'  the  gastric  juice  and  act  no  longer  ^rom  their 
alkalinity,  but  merely  from  their  effects  as.  salts,  if  at  all,  Laiyer 
qu antitigajender  the  contents  of  the  stomach  neutral  or  alkaline  and 
tnuH  prevent  gastric  di^istion.  Very  concentrated  solutions  corrode 
the  walls  of  the  stomach  and  may  prove  immediately  fatal  from  caua- 
ing  perforation  into  the  peritoneal  cavity,  while  if  the  corrosion  ia  not 
so  severe,  and  the  patient  recovers  from  the  shock  and  collapse, 
t^aatric  ulcer  and  cicatrices  may  result. 

it  is  very  frequently  stated  that  alkalies  and  alkaline  carbonates 
induce  a  more  rapid  secretion  of  the  gastric  juice.  In  fact,  some 
writers  go  bo  far  as  to  assert  that  it  is  impossible  to  render  the  con- 
tents of  the  stomach  alkaline  except  by  the  use  of  poisonous  doses, 
because  the  gastric  juice  is  so  rapidly  augmented  by  the  alkalies. 
This  belief  seems  to  be  founded  on  the  old  aphorism  coniraria  contra- 
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nts  stimulantur,  which  proves  to  hare  no  greater  basis  in  fact  than 
other  similar  dogmas.  It  has  been  demonstrated  experimentally  in 
dogs  that  alkaline  carbonates,  whether  given  by  the  mouth  or  injected 
into  the  stomach  through  a  gastric  fistula,  do  not  influence  the  gastric 
secretion,  and  Keicbmann  has  recently  shown  that  in  man  distilled 
water  increases  the  free  acid  and  the  chlorides  of  the  stomach  con- 
tents as  much  as  an  equal  amount  of  an  alkaline  solution.  Ths  only 
satisfactory  examinations  of  the  question,  therefore,  show  that  the 
alVal^PP  havfl  nn  fff^^t  whatsoever  on  thn  nttrivitv  of  the  Bpcretorv 
glgnds  of  the  stomach^  On  the  other  hand,  they  may  affect  the  juice 
already  ^creted  by  making  it  neutral  or  even  alkaline,  and  may  thus 
render  it  entirely  useless  for  digestion  and  disinfection.  Of  course 
in  hyperacidity  of  the  stomach,  the  alkalies  may  be  of  benefit  by 
lessenmg  Ttl6  amount  of  free  acid  present. 

Dilntd  solutions  of  the  ^alies  may  act  as  slight  irritants  to  the 
stomach  wall  and  thus  improve  its  circulation,  and  lessen  pain"  eruc- 
tation and  diBtention.  very  much  In  the  same  way  as  other  sligtt  gas- 
tric irritants,  such  as  the  volatile  oils.  In  the  case  of  the  carbonates 
and  bicarbonates,  this  carminative  action  may  be  strengthened  by  the 
carbonic  acid  liberated  by  tne  hydrochloric  acid.  In  addition,  they 
teHfl  to  render  the  mucus  less  tenacious,  or  may  dissolve  it  completely, 
and  thus  improve  the  conaition  oi'  the  stomach.  Nothing  is  known 
as  to  their  etfects  on  the  movements  of  the  stomach,  or  on  its  power 
of  absorption,  but  if  carbonic  acid  be  liberated,  it  tends  to  jnereasa 
the  Tnoy^mpTii-!)  to  some  extent 

In  the  small  Intestine  the  alkalies  have  been  shown  to  have  an  in- 
direct effect,  through  their  diminishing  the  acidity  of  the  gastric 
juice.  The  secretion  of  the  pancreas  is  normally  augmented  on  the 
passage  of  an  acid  fluid  through  the  pylorus,  and  if  the  acidity  of 
this  fluid  be  reduced  by  the  administration  of  alkalies,  a  much  smal- 
ler quantity  of  pancreatic  juice  is  thrown  into  the  intestine.  This 
may  again  render  the  digestion  less  complete,  although  the  greater 
alkalinity  of  the  intestinal  contents  tends  to  increase  the  efficiency  of 
the  pancreatic  juice  already  secreted.  On  the  other  hand,  in  cases  of 
hyperacidity  of  the  stomach,  the  administration  of  alkalies  may 
render  the  contents  of  the  intestine  less  irritant,  and  thus  tend  to 
allay  catarrh. 

The  alkalies  administered  in  medicinal  doses  seem  to  have  no  effect 
on  the  inteatinal  putrefaction,  for  the  double  sulphates  of  the  urine 
remain  unchanged  in  amount.  Kast  states  that  very  lai^  quantities 
(15  G.,  i  oz.)  increase  the  putrefaction,  probably  tiirough  neutraliz- 
ing the  disinfectant  gastric  juice. 

The  alkalies  have  been  believed  to  have  some  special  action  on  the 
Secretion  of  Bile;  thus,  it  has  berai  supposed  that  they  rendered  the 
bile  more  alkaline  and  tended  to  dissolve  the  mucus  contained  in  it, 
that  they  prevented  the  deposition  of,  and  even  dissolved  gall-stones, 
or  that  they  increased  the  secretion  of  bile  and  thus  swept  them  out 
of  the  gall-bladder.    All  of  those  theories  have  been  overthrown  by 
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tbe  inveBtigations  of  Stadelmann  and  his  pupils,  who  have  shown  that 
alkaline  salte  do  not  increase  tha  sar-rfttion  of  bile,  are  not  exare ted  in 
it)  ana  flo  not  cause  any  change  in  jtB  reaction.  Any  etiect  whieb  the 
amaime  carbonates  or  nyarates  may  possess  in  hepatic  diaeaaes  would 
therefore  seem  due  to  Uieir  effects  in  the  duodenum. 

The  prolonged  administration  of  very  large  doses  of  the  alkaline 
carbonates  and  bicarbonatea  causes  chronic  gastro-enteritis  in  animals, 
and  may  thus  prove  fatal  to  them. 

The  hvdratefi  ara  probabig  A>«rtTbaA  in  PAmbination  with  proteina 
or  as  car  bona  tee.  Both  hydrates  and  carbonates  disappear  rapidly 
trom  tlie  stomacH  and  intestine,  although  the  bicarbonate  of  soda  is 
sometimes  credited  with  some  laxative  action ;  this  may  not,  however, 
be  due  to  the  same  causes  as  in  the  case  of  the  saline  cathartics.  Tbe 
abaorption  of  these  bodies  increases  the  available  nllrnli  vf  thn  hl->i>i1 
and  tissues.  J^ven  when  the  alkali  administered  has  been  neutralized 
by  the  gastric  juice,  the  body  is  rendered  more  alkaline,  because  a 
certain  amount  of  the  carbonate  of  tha  hlood  aTid_tissue6  is  spared, 
which  would  normallT  have  been  used  to  neutralize  the  bydrocnlorie 
s6ia  beiore  it  could  be  reabsorbed.  This  condition  ot  augmented 
oHcttliBity  con  only  Innt  a  shut  I  limi!,  however,  as  the  excretory  glands 
at  once  proceed  to  remove  the  excess.  But  this  transient  increase 
in  the  alkalinity  of  tbe  tissues  has  been  supposed  to  influence  the 
Hstaboliam  very  considerably.  It  is  found  that  outside  the  body  ce> 
tain  bodies  undergo  oxidation  much  sooner  in  alEaJine  solutioa-Jlian 
•^-^  w^en  imutrai :  rne  exampte  most,  frequently  cited  ia  pvrofrallol.  which 
combines  with  oxygen  much  more  rapidly  in  the  presence  of  alkalies, 
from  this  it  ba^  been  surmised  that  an  increase  in  the  alkalinity  of 
the  fluids  of  the  body  must  be  followed  by  an  acceleration  of  the 
metabolism.  A  large  number  of  researches  made  on  man  and  animals 
in  regard  to  this  point  have  given  varying  results,  but  tend  on  the 
whole  to  show  that  the  alkalies  have  less  effect  on  the  tissue-change 
than  was  formerly  believed.  The  investigators  of  the  subject  have 
generally  conflned  their  attention  to  the  effects  of  alkalies  on  the 
products  of  metabolism  excreted  in  the  urine,  and  have  found  the 
total  nitrogen  excreted  to  be  unchanged  in  a  considerable  number  of 
instances,  to  be  slightly  increased  in  others,  and  to  be  diminished  in  a 
few  individuals.  Even  in  those  cases  in  which  an  increase  is  observed 
in  the  nitrogen  of  the  urine,  it  does  not  always  indicate  an  increase  in 
the  nitrogenous  metabolism,  for  the  urine  is  often  increased  consider- 
ably and  it  is  evident  that  the  interchange  of  the  fluids  of  the  tissues 
and  blood  is  augmented ;  so  that  the  increased  nitrogen  of  the  urine  is 
accounted  for  by  the  tissues  being  more  thoroughly  flushed  out  than 
usual  by  the  alkalies,  which  act  in  tbe  same  way  as  the  neutral  salts. 
The  effect  of  the  alkalies  on  the  total  nitrogen  excretion  seems  to  vary 
considerably  with  the  individual,  and  in  one  and  the  same  person 
different  effects  have  been  noted  from  two  salts  which  exist  in  the 
blood  in  the  same  form. 

Although  the  total  nitrogen  may  be  little  affected  by  the  adminis- 
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tration  of  the  alkalies,  the  form  in  which  it  is  combined  in  the  urine 
and  in  the  blood  may  be  changed.  The  ammonia  of  the  urine  is  ofteuj 
diminished  in  amount,  while  the  urea  excretion  is  correspondinglyl 
augmented.  This  is  especially  marked  in  cases  in  which  excess  ofl 
acid  is  formed  in  the  tissues  or  absorbed  in  any  way,  and  is  explainedl 
by  the  fact  that  this  acid  is  ordinarily  neutralized  by  the  formation  I 
of  ammonia  in  the  tissues  (see  Acids).  When,  however,  fixed  alkali  I 
ia  present  in  sufficient  amount,  as  when  the  carbonates  are  given,  the  I 
nitrogen  which  would  otherwise  have  been  excreted  as  ammonium  \ 
salts,  is  formed  into  urea. 

The  Uric  Add  iixcretioit  under  the  alkalies  has  been  the  subject  of 
numerous  researches,  but  in  the  great  majority  of  these  very  imper- 
fect methods  of  estimation  have  been  used.  In  Qie  few  cases  in  which 
satisfactory  methods  have  been  employed,  the  results  have  been  diver- 
gent, the  uric  acid  being  sometimes  decreased  and  sometimes  increased 
by  the  alkalies.  In  any  case  the  change  is  trifling  in  extent,  and  no 
inference  can  be  drawn  as  to  the  uric  acid  metabolism  from  it. 

Aa  regards  the  Oxidation  in  ths  TiBsuea,  one  observer  found  the  oxy- 
gen absorbed  and  the  carbonic  acid  excreted  by  the  limge  increased  by 
the  alkalies,  while  another  could  detect  no  change.  Another  method 
of  estimating  the  activity  of  the  oxidation  in  the  tissues  has  been  used 
by  Taniguti  and  Jawein,  who  both  found  that  in  man  the  neutral  sul- 
phur of  the  urine  is  increased  by  the  alkalies  at  the  expense  of  the 
acid  sulphates ;  they  interpret  this  as  indicating  a  diminution  of  the 
oxidation  of  the  tissues.  On  the  other  hand,  Heffter  and  Hamack, 
using  the  same  method,  came  to  the  conclusion  that  the  oxidation  in 
the  tissues  of  the  dog  is  increased  by  the  alkalies,  and  this  accords 
with  Munk's  observation  that  &  diminution  of  the  alkalinity  of  the 
blood  of  the  horse  lessened  the  oxidation  of  phenol. 

The  only  conclusion  which  seems  admissible  from  these  laborious 
investigations  is  that  the  tissue  waste  is  but  little  affected  in  amount  / 
by  the  increag"^  aflcaHnity  nf  tha  blooH  atiH  the  Blight  chanffpa  obHervpd  | 
may  vary  not  only  in  different  species,  but  in  different  individuals,  I 
and  even  in  the  same  individual  at  different  times.     The  cause  of  this 
individual  variation  may  be  differences  in  the  amount  of  acid  formed 
in  the  tissues,  but  may  also  be  differences  in  the  local  effect  of  &e 
alkalies  in  the  alimentary  tract. 

■  The  oj^nism  rapirfly  frmg  jfnrlf  fr"rr»  thi*  picppHg  nf  alkali  by 
Excreting  aHiaiine  salts.  This  exeretioa  occurs  chiefly  in  the  vajuSj 
wnicn  becomes  less  acid,  or  even  alkaline  in  reaction,  and  in  the  latter 
event  contains  bica'rbonate  6t  potaah  or  soda.  As  a  general  rule,  the 
urine  toon  regains  its  acidity,  but  wben  lairly  large  doses  are  given 
repeatedly,  its  action  may  be  kept  alkaline  constantly.  This  is  almost 
always  accomplished  in  man  by  the  administration  of  about  10-15  G. 
(16Q-240  grs.)  of  sodium  carbonate  in  twenty-four  hours,  but  some 
persons  require  a  still  larger  quantity,  while  others  require  much  less. 
A  t«uporary  alkaline  reaction  lasting  2-3  hours  may  often  be  induced 
by  a  single  dose  of  2-3  Q.     The  alkalies  have  the  same  effect  on  the 
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excretion  of  the  aalts  in  the  urine  as  the  neutral  aalts — large  doses 
increase  the  sodium,  potassium  and  chlorides  of  the  urine. 

The  injeiHioQ  of  alludine  carbonates  into  the  blcx>d  induces  &  more  active 
Becretion  from  the  bronchial  mucous  membrane,  according  to  Calrart,  while 
Rossboch  found  it  to  have  the  opposite  effect.  It  ia  questionable  whetlwr  the 
alkali  is  excreted  here. 

The  blood  of  rabbits  treated  with  alkalies  is  said  to  be  more  Btrongl;  germi- 
cidal than  usual,  and  these  animals  show  greater  resistance  to  infection  vitfa 
anthrax  bacilli.  These  effects  are  not  due  to  the  increased  alkalinity  of  the 
blood  directly,  for  serum  is  not  rendered  more  bactericidal  when  alkali  is 
added  to  it  in  tes^tube  experiments. 

When  dilute  alkaline  solutions  are  applied  to  Isolated  Organa,  the;  gen- 
erally increase  their  activity  for  a  time,  but  subsequently  weaken  it,  while 
strong  solutions  are  immediately  poisonous.     Thus  the  ciliary  movement  of 
epithelium  ia  accelerated  by  dilute  alkalies,  the  sodium  salts  acting  more 
strongly  than  the  potassium  because  of  the  poisonous  K-ion  of  the  latter. 
The  developing  ova  of  sea  urchins  divide  more  rapidly  in  very  dilute  alkaline 
media,  but  the  resulting  ceils  are  often  irregular  in  shape.     The  heart  also 
contracts  longer  and  more  strongly  when  it  is  perfused  by  a  chloride  of  sodium 
solution  rendered  alkaline  by  carbonate  of  soda  than  when  the  solution  is 
neutral.     Somewhat  stronger  solutions  increase  its  tonus  and  eventually  cause 
systolic  standstill.    The  arteries  are  contracted  in  the  same  way  by  contact 
with  alkaline  solutions,  and  are  dilated  when  acids  are  perfused  tbrou^ 
them.     Some  of  the  secretions  have  also  been  found  to  be  increased  by  the 
presence  of  alkalies,  thus  the  glands  of  the  frog's  skin  are  stimulated  by  very 
dilute  alkaline  solutions.    Loeb  has  recently  observed  that  the  presence  of 
the  — OH  ion  causes  frog's  muscle  to  absorb  considerable  quantities  of  wster 
from  a  dilute  salt  solution,  while  on  the  other  hand,  Hamburger  states  that 
the  addition  of  small  quantities  of  alkalies  to  the  drawn  blood  reduces  the 
size  of  the  blood  cells.     Zoethout  states  that  some  unicellular  organisms  prove 
I     much  more  resietant  to  the  effects  of  the  withdrawal  of  oxygen  when  tbey  are 
1     placed  in  a  slightly  alkaline  medium,  and  suggests  as  an  explanation  that  the 
I     alkali  antagonizes  some  poison  formed  during  asphyxia. 
1*1        Strong  alkaline  solutions  destroy  all  living  tissues  with  which  they  come 
f  V  in  contact. 

-  PBEPA£A.TIOna. 

'f  PoTASSn  HrDEOXiDOM  (U.  S.  P.),  Potassa  Caubtica  (B.  P.)  <KOH), 
potassium  hydrate,  caustic  potash—dry,  white  pencils  or  fused  masses,  deli- 

^lyiu-ftnh  i^i  f.hp  air  and  y|rv  PAiiatin. 

JHodn  Mydroxidvm  (U.  S.  P.)  (NaOH),  sodium  hydrate  or  hydroxide, 
caustic  soda — white  translucent  pencils,  deliquescent  in  the  air  and  tctj 
caustic.  ^ 

'  iiiqttoT  Potaaaii  Hydroxidi  (U.  S.P.},  Liquor  Potassie  (B.  P.),  solution 
$5^-at%f  potsssium  hydrate,  about  5  per  cent..  0.6-2  c.c.  (10-30  mins.),  to  be  weH 
!  BJC=*a      diluted.  ■' 

Liquor  Sodii  Eydroxidi  (U.  S.  P.),  a  solution  of  sodium  hydrate  in  water, 
'  *■*      about  5  per  cent,  1  c.c.  (15  mins.),  well  diluted. 
.3  -  v4         PoTAsan  Casbonas  (U.  S.  P.,  B.  P.)  (K,CO,),  a  white  granular  powder  of 

'M         alkaline  reaction,  soluble  in  one  part  of  water.    0.3-2  G.  (5-30  grs.). 
O'*  *>        '^^"  Cahbonas   (B,  p.)    (Na,CO,-|-10H,O),  colorless  crystab  with  an 
**i  alkaline  reaction  and  taste,  soluble  in  about  one  part  of  water.     0.3-2  Q. 

(5-30  grs.). 

Sodii  Carbonas  Exsiccatus  (B.  P.),  sodium  csrbonate  deprived  of  most  of 
its  water  of  crystallization,  a  loose,  white  powder  resembling  the  ordinary 
carbonate  in  its  reactions  and  solubility.     0.3-1  G.  (5-15  grs.). 
i  Sodii  CoTbonaa  Monohydratus  (U.  S.  P.)  (Na,CO, -|-H,0),  a  white  crys- 

I  talline  powder  without  odor  and  strongly  alkaline.     Dose,  0.25  O.  (4  grs.). 
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PosABsn  BiciBBOMAS  (U.  S.  p.,  B.  p.)  (KHCO,),  eolorleas,  transparent 
OTBtals  with  a  saline,  sli^tly  alkaline  taste  and  solnble  in  three  parti  of  */>  -l  O 
water.    0.5-2  G.  (10-30  gre.).  '-i 

Soon  BiOAHBONAS  (V.  S.  P.,  B.  P.)  (NaHCO.),  a  white,  opaque  powder,    ^.^--j,^ 
with  a  cool,  alkaline  taste,  soluble  in  11  parts  of  water  at  15°  C.    0.3-2  Q. 
(5-30  gra.). 

Troehiaci  Sodii  Bicarbonatis  (U.  S.  P.,  B.  P.). 

Sodium  bicarbonate  is  contained  in  the  Itistnra  Rhei  et  Sodn  (U.  S.  P.)* 

Lithii  Carbonaa  (TJ.  8.  P.,  B.  P.)  (Li,CO,),  a  light,  white  powder  with  an 
alkaline  taste,  eolable  in  80  parts  of  water,  but  more  soluble  in  carfooiiie  aoid 
water.     0.2-0.6  G.  (3-10  gra.). 

The  praporations  of  materia  and  magneainm   parhonatn    (see  p.  544)    6. 3  -u-  % 
are  prescribed  more  as  antacids  Uian  as  eainarcies,  and  might  be  included  in 
this  list. 

Numerous  alkaline  mineral  waters  are  used  instead  of  the  pbarmacopmial 
preparations,  hot  as  a  general  rule  they  contain  only  very  small  quantities 
of  the  carbonates,  and  perhaps  act  more  throu^  the  la^e  amount  of  water 
than  through  their  alkaline  reaction. 

TherapeutiG  TTsed. — The  caustic  alkalies  are  used  ErtenuJly  to  a 
limited  extent  to  reniove  growtba,  such  as  warts,  from  the  skin.  For 
this  purpose  the  potash  pencils  are  employed,  biat  they  are  yery  deli- 
quescent and  it  ia  thftrp^^nrp  Hiffirlilt  \n  liTnit  thpi'r  firiion  to  QPe  spot, 
and  toThe  superficial  tiaauea.  When  the  desired  extent  of  cauteriza- 
tion has  been  obtained,  tee  part  should  be  washed  with  water,  or  with 
vinegar  or  some  other  dilute  acid.  The  carbonates  are  also  used 
externally  to  some  extent,  chiefly  in  baths,  which  they  render  more 
irritant  to  the  skin,  and  in  which  they  tend  to  soften  and  remove  the 
superficial  horny  layers  of  the  epithelium  more  than  ordinary  water 
or  solutions  of  the  neutral  salts.  The  carbonates  are  also  applied  i 
in  strong  solution  or  as  a  paste  in  itching  skin  diseases,  and  often  | 
give  relief. 

Internally  the  alkaline  carbonates  and  more  rarely  the  solutions  of 
the  hydrates  are  used  for  their  effect  onTne  stomach,  anti  in  caspfl  of 
hvperacidity  relievg  '>">  ps'Ti  nT|r^  fmctation  almost  instantly.  Even 
where  no  excessive  acidity  exists,  the  alkalies  are  often  beneficial  in 
small  quantities,  removing  the  distension  and  discomfort  without 
apparently  altering  the  digestion  to  any  marked  extent.  The  bicar- 
bonate of  potash  is  more  frequently  used  for  this  purpose  than  the 
others,  and  the  carbonic  acid  liberated  in  the  stomach  may  be  of 
importance  in  the  action.  Whatever  preparation  be  used,  it  ought 
to  be  well  diluted  to  avoid  the  irritant  action  on  the  stomach  wall. 
Instead  of  these  alkalies  the  carbonate  and  oxide  of  magnesium  may 
be  employed  in  powder,  and  possess  the  advantage  of  not  causing 
any  irritation  and  at  the  same  time  have  some  aperient  action.  In 
cases  of  hyperacidity  the  alkalies  (antacids)  are  often  given  after 
meals,  while  when  the  secretion  does  not  seem  to  contain  an  excessive 
amount  of  acid  they  are  advised  before  meals,  and  may  then  be  com- 
bined with  other  stomachics,  such  as  bitters  or  volatile  oils. 

The  alkalies  are  also  administered  for  their  effects  after  absorption, 
and  here  the  bicarbonate  of  potash  is  most  frequently  prescribed, 
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while  the  hydrate  solutionB  are  rarely  used.^  Diabetes  was  formerly 
treated  in  this  way,  in  the  hope  that  the  ozidatioiL  in  the  tissues  would 
be  increased,  but  there  is  little  reason  to  suppose  that  the  alkalies  have 
any  such  effect  on  the  metabolism,  and  it  is  now  generally  accepted 
that  diabetes  is  not  due  to  a  general  inability  of  the  tissue  to  oxidize. 
Experience  too  has  shown  that  the  glycosuria  is  not  lessened  appreci- 
ably by  the  use  of  the  alkalies.  When,  however,  diabetes  induces  an 
(increased  acid  formation  in  the  tissues,  as  is  almost  invariably  the 
case  in  its  later  stages,  the  alkalies  are  of  undoubted  benefit  in  neu- 
tralizing the  oxybutyric  acid  formed  and  thus  economizing  the  alkalies 
of  the  blood.  In  diabetic  coma,  temporary  improvement  may  very 
often  be  attained  by  the  use  o£  large  doses  of  alkalies. 

In  gout,  rheumatism  and  the  "uric  acid  diathesis"  generally,  the 
alkalies  have  been  used  very  extensively,  partly  in  the  hope  that  the 
supposed  increased  combuEtion  in  the  tissues  would  destroy  a  larger 
amount  of  the  uric  acid,  and  partly  with  the  idea  that  the  uric  acid 
being  neutralized  in  the  tissues,  would  be  excreted  more  easily  and 
would  have  less  tendency  to  be  deposited.  There  are  some  grounds 
for  believing  that  the  alkaline  carbonates  are  ot  benelit  in  gout  and 
rhMimatism- biil  lU'llhJJl^  Af  MltiHH  ihwirifH  tienmB  aumcient  to  exnlain 
their  effects,  for  no  increase  in  the  oxidation  has  been  shown  to  occur, 
and  on  the  other  nand  the  uric  acid  '«  ""t.  rendered  more  soluble  in 
the  blood  or  urine  by  the  quantities  of  alkali  used  in  tnerapeuTics. 
In  me  present  positifiH  bt  Ihe  urlc  add  Question  and  of  the  pathology 
of  these  diseases,  however,  it  is  futile  to  attempt  to  explain  their  thera- 
peuUcs,  though  it  may  be  surmiseaTBSrTlIS  al^aiies  may  innuence  the 
formation  of  the  uric  acid  rather  than  its  excretion.  The  sodium  and 
potassium  salts  have  been  used  very  largely,  and  the  lithitun  carbo- 
nate has  been  advised  on  the  ground  that  lithium  urate  is  about  four 
times  as  soluble  as  sodium  urate.  Lithium  has  also  been  adminis- 
tered in  the  form  of  the  benzoate  and  salicylate  in  these  diseases,  in 
order  to  combine  the  solvent  action  of  the  base  with  the  effects  of  these 
acids,  but,  as  in  so  many  other  similar  attempts,  one  of  the  chief 
factors  in  the  action  has  been  lost  sight  of ;  much  too  small  quantities 
of  the  lithium  compounds  have  been  given  to  affect  the  reaction  of  the 
blood,  and  besides  the  salicylate  and  benzoate  do  not  alter  it  at  all,  as 
they  are  neutral  salts.  These  litljiim  compounds  therefore  seem  to  be 
anpprpiimiH  ]'p  ttip  treatment  of  these  disgases.  More  benefit  is  derived 
from  the  treatment  of  gout  and  rheumatism  by  the  alkaline  mineral 
waters  than  by  artificial  preparations,  and  this  is  especially  marked 
when  patients  are  sent  to  the  mineral  springs.     The  alkalinity  of  most 

iof  the  waters  ia  very  slight,  and  the  conclusion  is  inevitable  that  the 
curative  agency  is  not  the  alkalinity,  but  the  large  amount  of  fiuid 
taken,  together  with  the  dietetic  and  other  hygienic  conditions. 
The  alkaline  preparations  are  also  largely  used  for  their  effects  in 
I  the  urine.     In  cases  of  excessive  acidity  of  the  urine  leading  to  pain 
1  and  straining  during  micturition,  the  symptoms  are  relieved  by  these 
'The  acetates,  eitratea,  etc.,  xaty  alM  be  used  for  tbia  pnipoM  (p.  557). 
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onigs  rendering  the  fluid  leas  irritating,  and  this  relief  is  e3pec^ny^[TT~7" 
marked  in  irritable  conditions  of  the  bladder  and  urethra.     They  may  |       r**r*** 
also  be  of  value  in  tliose  cases  by  rendering  the  mucus  more  soluble  iii|UitfcOLuC4 
the  bladder.    In  gravel  the  alkalies  also  give  relief,  and  this  has  been  &fc^Kw* 
attributed  to  their  dissolving  the  uric  acid  in  the  ttrine,  or  rather  to  1t^NK»M4 
their  keeping  it  in  solution  in  the  form  of  salts.     In  order  to  attain  «**** 
this,  the  urine  would  have  to  be  rendered  alkaline,  or  at  least  neutral, 
and  reli^  is  given  by  quantities  of  the  alkalies  which  are  quite  insufS- 
cient  to  do  this,  so  that  it  seems  more  probable  that  the  effects  are  due 
to.  their  increasing  the  amount  of  the  urine,  and  thus  rendering  it 
more  dilute  tnan  to  their  aptuaiiv  neiitrftii  zing  thp  nnn  ftgid.     Attempts 
&ft?S  GV^n  been  made  to  dissolve  calculus  in  the  bladder  or  in  the 
kidney  by  treatment  with  the  alkalies,  but  there  is  no  question  that 
this  is  hopeless.     The  solution  of  the  alkalies  formed  in  the  urine  is 
extremely  dilute,  and  in  fact,  except  under  large  doses,  the  reaction 
is  not  even  constantly  neutral.     On  the  other  hand,  even  the  alkaline  i 
urates  are  by  no  means  very  soluble  bodies,  and  are  formed  only  with  J 
difficulty  except  in  strong  alkaline  solutions.     Again,  alkaline  uriner 
is  very  liable  to  deposit  phosphates  in  the  bladder,  and  thus  rather  tt 
increase  the  calculus  than  to  diminish  it.     Experience  has  shown  con 
clusively  that  the  alkaline  treatment  does  not  remove  calculus,  althougl 
in  one  or  two  cases  it  is  stated  that  soft  calculi  broke  down  into  frag 
ments  under  it,  from  the  mucus  which  held  the  fragments  togethei 
being  dissolved.     The  pain  and  irritation  of  calculus  may  be  relievec 
to  some  extent,  however,  from  the  acidity  of  the  urine  being  lessened. 

The  alkaline  carbonates  are  also  prescribed  in  cases  of  jaundice  and 
eall-atone,  often  with  benefit.  This  is  not  due  to  their  acting  on  the 
Dile  mrectiy  in  all  probability,  for  it  has  been  shown  that  they  do  not 
affect  it  in  the  normal  animal;  the  improvement  may  rather  be 
ascribed  to  their  IpsBflning  duodenal  irritAHon. 

Sodium  chloride  solution  is  often  injected  intravenously  in  shock  > 
and  heart  failure,  and  it  is  found  beneficial  to  add  a  small  quantity  \ 
of  sodium  bicarbonate  (1 :  10,000)  to  it.     Alkaline  solutions  should  \ 
not  be  injected  hypodermically,  as  sloughing  has  been  observed  repeat- 
edly from  this  procedure. 

The  bicarbonate  of  potash  is  often  added  to  other  expectorant  reme- 
dies in  the  treatment  of  bronchial  catarrh  and  bronchitis,  and  is 
believed  to  increase  the  secretion  and  render  it  more  fluid  and  more 
easily  expectorated. 

The  alkaline  carbonates  may  be  given  as  antidotes  in  poisoning  with 
the  corrosive  acids,  although  magnesia  is  preferable,  because  it  is  less 
irritating  to  the  stomach. 

In  cases  of  Poisoning  with  the  caustic  alkalies,  the  treatment  con- 
sists in  the  administration  of  dilute  acids,  of  which  the  organic — 
acetic,  citric  or  tartaric — are  the  best.     The  first  is  most  readily 
obtained  in  the  form  of  vinegar.     No  attempt  should  be  made  to  pass  i 
the  stomach  tube,  as  it  is  liable  to  pass  throu^  the  corroded  wall  of  I 
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*  tile  (BBophaguB  or  stomach.     General  meftsnres,  such  as  centr&l  ner- 
vous stimulants,  warmth,  etc.,  may  be  taken. 
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PiperaKiiie  and  Qninio  Add. 

Several  new  organic  eomponnds  have  been  introduced  of  late  years  as 
solvents  of  uric  acid  in  the  tissues  and  urine.  The  best  known  of  these  is 
pipenuine  or  diethyiendiamine  (NH<-,S*^pTT'>NH} ;  lycetol  and  Ipaidine 
are  nearly  related  bodies.  The  latest  remedy  is  ^inic  acid,  C^,0„  which 
is  fonnd  in  cinchona  bark  and  in  other  plants;  its  combinations  with  lithium 
citrate,  urotr opine  and  piperazine  are  known  as  urosin,  chinotropine  and 
ridonal.  Piperazine  and  its  allies  dissolve  uric  acid  readily  in  the  test-tube, 
much  more  rapidly  than  lithium  or  borax,  which  are  often  prescribed  for  their 
solvent  action;  it  was  therefore  hoped  that  these  bases  would  prevent  the 
deposit  of  uric  acid  in  the  body  in  gout  by  forming  soluble  urates,  which 
would  be  eliminated  in  the  urine.  But  very  little  of  the  piperazine  ingested 
reappears  in  the  urine,  and  this  quantity  is  too  small  to  have  any  solvent 
action  on  the  uric  acid.  And  what  does  escape  in  this  way  is  in  combination 
with  the  stronger  acids  and  not  with  the  uric  acid.  When  the  kidneys  ar« 
inflamed  and  necrosed  in  birds  through  the  action  of  chromic  acid,  the  uric 
acid,  which  would  normally  be  excreted  by  the  kidney,  is  deposited  in  varions 
organs,  but  this  does  not  occur  except  in  the  kidney  if  piperazine  is  admin- 
istered. This  has  been  used  as  an  argument  in  support  of  the  treatment  of 
gout  with  piperazine,  and  some  clinicians  have  had  very  favorable  results 
from  it,  while  others  have  been  disappointed.  It  is  said  to  relieve  the  dis- 
comfort due  to  the  passage  of  gravel  in  some  esses,  while  failing  in  others, 
but  it  has  not  been  shown  to  be  of  any  value  in  the  treatment  of  calculus,  and 
the  urine  of  patients  treated  with  piperaane  has  no  more  solvent  action  on 
uric  acid  than  normal  urine.  Piperazine  seems  to  induce  no  symptoms  in  man 
or  animsls  even  when  administered  in  large  quantities. 

Quinic  acid  has  been  suggested  as  a  treatment  for  gout  on  the  theory  that 
it  would  combine  with  glycocoll  in  the  body  and  thus  prevent  the  formation 
of  uric  acid,  a  theory  based  on  most  unsatisfactory  grounds.  As  a  matter 
of  fact  it  has  no  effect  whatever  on  the  amount  of  uric  acid  excreted.  In 
short,  there  is  every  reason  to  believe  that  these  new  remdies  will  prove  no 
more  reliable  than  the  older  treatment  of  gout  and  the  "  uric  acid  diathesis." 

Piperazine  is  given  in  solution  in  doses  of  1  Q,  (15  grs.]. 
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As  far  as  their  immediate  effects  are  concerned,  the  acetates  of  the  fixed 
alkalies  resemble  the  chlorides,  owing  any  effect  they  possess  to  the  salt- 
action.  In  the  tissues,  however,  the  acetates  are  oxidized  and  forra  car- 
bonates, BO  that  the  effects  are  those  of  thn  i^hj^ip^^t  tjicfore  abBfifptiP"r  "fl*^ 
those  of  the  carbonate  subsequently.  They  are  probably  partly  decomposed 
by  the  hyarochlonc  acid  m  tne  stomach,  and  in  the  intestine  they  are  rapidly 
absorbed.  The  oxidation  seems  to  proceed  rapidly,  and  is  very  complete, 
over  95  per  cent,  of  the  acetate  disappearing,  and  only  some  2-3  per  cent, 
being  excreted  unchanged  in  the  urine.  The  nlkalinity  "f  the\  '■i""-^  -"^  of 
the  urin^  ia  innreflsed  bv  the  acetates  as  by  the  carbonates,  and  the  amount  of 
urine  is  increased. 

Tbe  acetates  seem  almost  devoid  of  specific  action — they  act  only  as  salts 
by  changing  the  physical  properties  of  the  body  fluids  or  as  alkalies  after 
absorption.     The  other  members  of  the  acetate  series  have  some  action,  how- 
ever, for  the  formate,  propionate,  hutyrate  and  valerianate  of  soda  have  been 
shown  to  be  very  Tmlf  ""'■""'-'""  wken  they  are  injected  hyoQtlBraiically  or 
ifltravenojisly ;  this  is  especially  marked  in  the  case  of  the  butyrate.     Bather 
moila  oJfthe  formate  escapes  unchsnged  in  the  urine  than  of  the  acetate, 
while  the  others  are  apparently  entirely  oxidized.    The  butyrate  differs  from  . 
the  acetate  in  being  capable  of  taking  the  place  of  the  carbohydrates  and  | 
fats  more  completely,  and  in  thus  leading  to  an  economy  of  the  nitrogenous  I 
tissues  of  the  body. 

All  of  the  simpler  salts  of  this  series  are  equally  rapidly  absorbed  from 
the  intestine,  but  the  cenanthylate  and  the  caprylate  resemble  the  saline 
cathartics  in  being  very  slowly  absorbed. 

The  Lactates  resemble  the  acetates  in  being  almost  entirely  inactive,  but 
they  are  rather  more  slowly  absorbed  than  the  acetates.  They  are  oxidized 
in  the  tissues  for  the  moat  part,  and  resemble  hntyrates  in  limiting  the  nitrog- 
enous waste,  at  any  rate  when  they  are  given  in  moderate  quantities.  Lactic 
acid  is  also  excreted  in  the  urine,  however,  in  considerable  quantity. 

PsEPABATIOIfS. 

PotatsH  Acetta  (U.  8.  P.,  B.  P.),  a  crystalline  salt  of  pleasant,  saline 
taste  and  very  soluble  in  water.    1-4  G.  (15-60  grs.). 

Sodn  AcetoB  (U.  S.  P.)  resembles  the  potassium  salt. 

Acetate  of  potash  has  been  largely  used  as  a  jimcUc  and  in  the  treatment 
of  gout  and  rheumatism.  It  acts  here  exactly  as  the  ^kaline  carbonates  and 
bicarbonates,  but  has  the  advantage  of  not  neutralizing  the  gastric  juice,  or 
in  any  way  affecting  the  digestion  except  from  its  salt-action,  which  may  be 
minimized  by  exhibiting  it  in  dilute  solution. 

The  citrates  of  the  alkalies  may  be  used  for  the  same  purpose,  as  they  are 
not  cathartic  except  in  large  quantities.    (See  Saline  Cathartica,  p.  543.) 

BlBLIOGSAFHT. 
BttcJAoim.     Aieh.  f.  phja.  Eeilk.,  1857,  p.  122. 
Mayer.     Arch.  f.  exp.  Paih.  a.  Pharm.,  zzi.,  p.  119. 
Weiilce  u.  FleiHaig.     Centralbt.  f.  Phys.,  1890,  p.  36. 
MaLlevre.     Pflager's  Arefa.,  xlix.,  p.  460. 
Fold.     Areh.  f.  exp.  Path.  n.  Pharm.,  xxxl.,  p.  289;  xxxvii.,  p.  418, 

''     ZVn.    AMMONIA  Aim  OABBONATE  OF  AMMONIA. 

Ammonia  solution  and  carbonate  of  ammonia  differ  considerably 
from  tbe  corresponding  hydrates  or  carbonates  of  tbe  fixed  alkdies  in 


.-,e, 


..Lioogle 


«1o 


)_mc 


leir  effects.  The  gaa  eTaporates  rapidly  from  ita  watery  solutions, 
aod  the  carbonate  gives  off  ammonia  freely,  bo  that  the  effects  are 
rery  similar,  although  the  solution  of  ammonia  is  much  the  more 
powerful.  Owing  to  its  volatility,  ammonia  penetrates  more  rapidly 
and  deeply  than  the  fixed  alkalies,  and  at  the  same  time  is  lees  corro- 
sive and  less  enduring  in  its  effects.  Applied  to  the  skin  in  concen- 
trated solution,  it  may  corrode  to  some  extent,  but  ordinary  dilute 
preparations  act  merely  as  rubefaci^ts,  HTcp  thn  vnlatiTp  nilii  Even 
concentrated  solutions  do  noTTBasolve  the  "pid^T"'"  like  the  fixed 
alkaline  hydrates,  but  tend  to  penetrate  through  it  and  raise  hliBterB. 

IWhen  inhaled,  the  irritation  of  fhe  nasal  mucous  membrane  causes  a 
reflex  sfinmlnfion  of  the  vasomotor  centre,  and  consequent  contraction 
of  the  arterioles  and  ai^gmentr'^  lyloo3-pree3ure.  while  the  reapiratiqn 
is  first  arrested,  and  then  becomes  deeper  and  fuller.  The  heart  may 
be  temporarily  slowed  by  inhibitory  reflexes.  Three  parta  of  ammonia 
in  10,000  of  air  cause  sneezing,  pain  in  the  nose  and  tears,  when 
inspired  by  man,  and  5  parts  in  10,000  are  dangerous  when  inhaled 
for  some  time  (T^maun).  Ammnnia  ia  ^q^  t,\^f,rhfA  by  the  lungs, 
and  the  symptoms  arise  only  from  the  local  irritation  and  subsequent 
InflgsunAtion. 

Concentrated  solutions  cause  corrosion  of  the  mouth,  oesophagus  and 

stomach  similar  to  that  seen  in  poisoning  with  the  fixed  alkalies,  but 

some  of  the  vapor,  passing  into  the  respiratory  passages,  often  seta  up 

epasm  of  the  glottis,  or  such  swelling  of  the  mucous  membrane  of  the 

larynx  and  trachea  as  to  indnce  asphyxia.     In  cases  of  ammonia 

poisoning,  therefore,  the  symptoms  often  arise,  not  so  mnch  from  the 

gastric  corrosion  as  from  ^pbyxja^and  death  may  occur  very  sud- 

denly  from  thTs  cause.     The  carbonate  of  ammonia,  when  swallowed, 

also  causes  slight  _paitn"  irri^riiirn,  and  in  larger  quantities  nausea 

a?d  vomiting. 

..     After  absorption  ammonia  and  its  carbonates  are  rapidly  changed 

llto  urea,  and  thus  differ  from  the  fixed  alkalies  in  not  rendering  the 

llblood  more  alkaline,  and  in  having  no  effect  on  the  urine  except  to 

rincrease  the  urea  and  thereby  cause  some  diuresis. 

The  carbonate  of  ammonia  stimulates  the  central  nervous  system 
when  it  is  injected  into  the  blood  in  some  quantity,  but  it  has  no  such 
effect  when  absorbed  from  the  stomach.  (Cf.  Ammonium  Chloride, 
page  498.) 

PBEFASATIOira. 

</  Aqua  Ammonite  Fortior  (U.  S.  P.),  a.  solution  of  ammoaia  in  water,  con- 
taining 28  per  cent,  of  the  gas  by  weight. 

Liquor  Ammonia  Fortis  (B.  P.),  32i  per  cent,  by  weight. 

Y  Aqua  AmmonitB  [U.  S.  P.),  Liquor  Ammonia  (B.  P.),  an  aqneoos  solntian 
of  ammonia  of  10  per  cent,  strength  by  weight. 

•^  Spiritui  Ammonia  (U.  8.  P.),  an  alcoholic  solatian  of  ammonia  coDtainin^ 
10  per  cent,  of  the  gaa  by  weight.    1  c.c.  (15  mine.). 

</  Spibitds  Aumokia  Akomaticub  (TJ.  S.  P.,,B.  P.),  Aromatic  Spirit  ot 
Hartsbom,  Spirit  of  Sal  Volatile,  pnntAJna  Bmmnnia  and.ammpniiim  caito- 
nate  along  with  several  volatile  oils  dissolved  in  alcohol.    1-J  e.c.    (16-60 
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njmimeHtum  Amtnonia  {TJ.  S.  P.,  B.  P.),  annnonia  linident,  volatile  lini-     I    "^'*" 
ment,  contams  abont  3^^p«r  c^t._of^ammoiiia  (2.5  per  cent.  B.  P.).  l^A  v-'ImAi. 


Auuo»n  Carbqhas  (IT.  S.  P.,  B.  P.)  is  not  the  pure  carbonate,  but  a  mix- 
ture of  somewhat  varying  composition,  consisting  of  carbonate  (NH.HCO,) 
and  carbamate  of  ammonia  (N^,Nn,CO,).  It  releases  ammonia  in  the  air  ' 
and  has  therefore  ita  pnngent  taste  and  smell.  It  forma  translucent,  crystal- 
line masses,  is  very  soluble  in  water  and  is  contained  in  the  aromatic  spirit 
of  ammonia.     0.2-0.6  O.  (3-10  gis.)  in  dilute  solution. 

Ammonia  is  contained  in  several  of  the  tinctures  of  the  B.  P.  (ammoniated 
tinetures)  and  in  the  Unimentam  Camphors  Ammoniatnm,  ete. 

Tlierapentic  Uses. — The  aqueoua  solutions  of  ammonia  are  compara- 
tively rarely  employed,  altbougti  tiie  strong  solution  has  been  advised 
as  a  vesicant  in  cases  of  renal  disease,  in  which  cantharides  is  centra- 
indicate  4.„^  I'he  ammonia  solution  has  to  be  covered  by  a  watch-glass 
in  order  to  prevent  its  evaporation,  and  is  said  to  be  more  painful 
than  other  vesicants.  The  liniment  is  used  as  a  rubefacient  inDruises 
and  in  other  similar  conditions.  The  gaa  arising  from  ammonium 
carbonate  is  often  inhaled  in  cases  of  fainting  or  collapae,  in  order  to 
elicit  reflex  stimulation  of  the  medullary  centres.  The  ordinary 
"  smelling  salts  "  used  for  this  purpose  consist  of  the  carbopate  rein- 
forced with  some  of  the  strong  solution  and  flavored  vrith  oil  of 
lavender. 

The  aromatic  spirits  of  ammonia  and  the  carbonate  (in  solution) 
are  used  as  mild  gastric  stimulants  Ih  debility,  flatulence  and  alco- 1 
holism,  and  are  very  efficient  for  a  short  time.     Large  doses  of  the  I 
carbonate  (2  G.)  have  been  used  as  emetics,  and  are  less  depressantl 
than  many  others,  such  as  tartar  emetic  or  ipecacuanha. 

The  carbonat**  "f  flpimfiTiifl  nntl  the  spirits  or  even  the  ordinary 
water  of  ammonia  are  oft«n  given  in  cases  of  collapse  or  sudden  heart- 
iaill'^"      ''"'"'Y  "'•''  nroTiPrtTlW  administered  by  tbe  moutn  and  probaoiy 
act  here  not  directly  on  the  heart  and  respiratory  centre,  as  has  been 
supposed,  but  reflexly  from  gastric  irritation.     They  have  also  been  i 
injected  subcutaneoualy  or  even  intravenously  for  this  purpose,  and! 
here  the  local  action  may  be  reinforced  by  a  direct  action  on  thel 
medulla  oblongata.     The  action  lasts  only  a  very  short  time,  but  is 
often  sufficient  to  tide  the  patient  over  an  acute  collapse.     In  depres- . 
sion  from  many  different  causes  the  aromatic  spirits  of  ammonia  is  a  | 
favorite  remedy,  and  probably  owes  its  value  to  its  gastric  action,  and  1 
not  to  any  changes  in  the  central  nervous  system.     The  carbonate  | 
is  often  added  to  other  expectorant  remedies  to  render  the  bronchial  I 
mucous  secretion  more  fluid.     (See  Ammonium  Chloride,  page  498.) 

Strong  water  of  ammonia  is  applied  locally  in  snake-bite  and  is 
popularly  believed  to  be  very  efficacious.  It  has  no  effect  on  the  tox- 
albmnins  of  snake  poison,  and  probably  is  of  little  or  no  value  in 
these  cases. 

BiBLIOOKAF  HT. 
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660  INOSOANIC  SALTS,  ACIDS  AND  BASES. 

.  The  Acotato  and  Oltrata  of  AmmonU  act  In  the  Bame  way  as  the 
1  chloride  locally,  but  undergo  ozidatioc  in  the  tissues,  and  the  whole 
I  is  changed  to  area,  so  that  the  ammonia  of  the  urine  is  not  increased, 
1  hut  only  the  urea.  The  solutions  are  used  as  diaphoretics  and  diu- 
I  retics,  and  are  often  prescribed  along  with  more  powerful  remedies 
*  in  fever. 

pREPABATIOna. 

Liquor  Ammomi  Acetatis  (IT.  S.  P.,  B.  P.),  spirit  of  Minderems,  contains 
about  7-per  cent  g^  thg  ni-ftatj  with  eome  free  acetic  acid  and  t^nrhflnifl  fi*^ 
lO-ZSCc  and  mnrt  bcgwhlv  Dr8pa!Fgan.(l-25  c.c.  (2-6B.^Sjr- 

Liquor  AmmonU  Citratis  (B.  P.)  lesembleB  the  eolution  of  the  acetate. 
2-6  fl.  drs.  , 

XViU.    OXALATES. 

The  oxalates  (NaOOC — COONa,  sodium  oxalate)  differ  from  the  aeetate 
series  in  not  undergoing  oxidation  in  the  tissues  and  in  being'  poisonous  to 
most  forms  of  living  matter.  This  poisonous  action  is  shown  in  the  frog  by 
depression  and  final  paralysiB  of  the  central  nervous  system,  the  brain  being 
fiist  affected,  then  the  medulla  oblongata  and  spinal  cord.  Later  still,  the 
terminations  of  the  peripheral  nerves  and  the  muscles  and  heart  are  para- 
lyzed, twitching  and  fibrillary  coutractionB  of  the  voluntary  muscles  ofteo 
being  observed  first. 

In  mammals  there  is  apparently  at  first  a  stimulation  of  the  medullary 
centres,  for  rapid,  deep  breathing  occurs  in  the  rabbit,  and  vomiting  and 
nausea  in  the  dog,  and  according  to  some  observers,  the  arterial  tension  is  first 
increased  through  stimulation  of  the  vasomotor  centre.  Later  the  movements 
are  wanting  in  coordination,  the  respiration  becomes  slow  and  dyspnceic,  the 
heart  is  weak,  and  the  animal  becomes  comatose  and  dies,  sometimes  in 
«onvnlsions. 

In  cases  of  oxalate  poisoning  in  man,  the  early  symptoms  are  great  mus- 
cular weakness,  twitching  of  the  muscles,  especially  of  those  of  the  face,  more 
rarely  convulsions;  later  there  follows  collapse  with  a  weak,  fiuttering  pulse, 
pallor  or  cyanosis,  coma  and  death. 

Oxalates  are  very  poisonous  to  all  forms  of  animal  life  and  to  plants  con- 
taining chlorophyll,  but  are  harmless  to  the  moulds,  bacteria  and  some  algn. 
They  are  absorbed  with  great  difSculty  from  tbe  stomach  and  intestine,  and 
cause  irritation  and  efFusion  of  liquid  except  in  very  dilute  solutions.  Added 
to  the  blood  outside  or  inside  the  body,  they  prevent  its  coa^lation,  and  the 
rennet  ferment  also  fails  to  coagulate  milk  in  the  presence  of  small  quanti- 
ties of  oxalate  (see  Calcium).  The  frog's  heart  is  very  much  weakened  by 
the  addition  of  oxalate  of  soda  to  the  blood  perfused  through  it,  while  the 
mammalian  heart  is  not  afFected  by  veiy  small  quantities,  but  if  the  injection 
of  oxalate  be  continued,  becomes  suddenly  we^er.  The  action  on  the  cen- 
tral nervous  ^stem  has  been  mentioned  already,  and  consists  in  depression, 
which  is  sometimes  intermixed  with,  or  preceded  by  symptoms  of  stimulation. 

When  the  ordinary  nerve-muscle  preparation  is  soaked  in  oxalate  solution, 
the  same  twitching  and  tremor  of  the  muscle  is  observed  as  when  the  salt  is 
injected  into  the  frog.  Later  the  nerve  ends  are  paralyzed,  and  tbe  nerve 
fibres  lose  their  irritability,  as  is  indicated  by  the  disappearance  of  the  elec- 
trical current  of  action.  Tbe  muscle  is  extremely  weak,  and  according  to 
several  observers,  loses  its  irritability,  while  Locke  finds  Uiat  it  can  be  made 
to  contract  locally  by  strong  currents,  even  after  being  soaked  for  several 
hours.  The  post-mortem  rigor  does  not  seem  to  be  prevented  by  oxalate  as 
has  been  stated  by  some  observers. 

Oxalate  solutions  precipitate  lime  salts,  and  as  it  is  well  known  that  lime 
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is  an  essential  conatituent  of  living  matter,  it  has  been  saggeateii  that  tlie 
oxalates  cause  these  changes  in  the  organism,  not  throngh  any  direct  action 
on  protoplasm,  but  through  their  precipitating  the  calcium  and  thus  chang- 
ing its  ordinary  relation  to  the  proteids.  This  explanation  has  been  sup- 
ported by  the  discovery  that  calcium  salts  added  after  oxalates  restore  the 
lost  function  in  many  cases,  althongb  this  of  course  admits  of  the  explana- 
tion that  the  ealciimi  merely  throws  the  oxalate  out  of  solution,  and  does  not 
really  supply  fresh  lime  to  the  tissues.  The  presumption  is  strong,  however, 
that  the  action  of  the  oxalates  is  due,  at  any  rate  in  part,  to  their  precipi' 
tating  the  calcium  in  the  tissnes,  although  they  may  have  a  specific  action  on 
living  matter  in  addition. 

The  alkalinity  of  the  blood  was  found  to  be  much  reduced  by  the  admin- 
istration of  neutral  oxalates  (Heyer),  and  it  has  been  surmised  that  this  is 
because  the  oxidation  of  the  tissues  is  retarded  by  the  presence  of  oxalates 
in  the  blood.  This  may  account  for  the  appearance  of  a  reducing  body  in 
the  urine  of  animals  poisoned  with  oxalate;  it  sometimes  occurs  in  poisoning 
in  man  and  is  said  not  to  be  dextrose. 

Practically  the  whole  of  the  oxalate  ingested  is  excreted  in  the  urine  in 
the  form  of  oxalate  of  calcium,  and  the  insoluble  CTystals  are  often  deposited 
along  the  urinary  tubules  and  may  stop  them  up  entirely  and  thus  cause 
anuria,  congestion  and  inflammation  of  the  kidney;  albomintiria  is  often  the 
most  marked  symptom  in  slight  poisoning  in  man.  The  deposits  of  oxalates 
often  form  white  lines  running  tiom  the  base  to  the  apex  of  the  renal  pyra- 
mids, which  are  quite  evident  macroscopically  at  the  autopsy.  Small  oxalate 
calculi  have  also  been  produced  in  the  pelvis  of  the  kidney,  bladder,  or  ureter 
through  the  prolonged  administration  of  oxalate  or  oxamide  to  animals.  Hot 
in&«quently  these  renal  changes  are  the  only  lesions  found  post-mortem  in 
oases  of  poisoning  with  oxalates. 

The  prolonged  administration  of  oxalates  to  animals  has  been  found  to 
induce  chaneea  in  the  skeletoD,  for  sheep  fed  on  plants  containing  much  oxa- 
late are  found  to  have  less  lime  in  the  bones  than  usual,  and  in  rabbits  sjmip. 
toms  of  rickets  are  said  to  be  induced  from  the  lessened  absorption  of  lime. 

The  other  members  of  the  oxalate  series,  malonates  (CH,(COONa},)  and 
succinates  ((CH,),(COONa},),  differ  from  the  oxalates  in  being  very  much 
less  poisonous,  the  fatal  dose  of  malonate  of  soda  being  about  twenty  times 
that  of  the  oxalate,  and  the  succinate  being  almost  indifferent.  The  malo- 
nate is  almost  completely  oxidized  in  the  tissues,  and  succinate  disappears 
completely.  It  is  significant  that  malonic  and  succinic  acids  form  much 
more  soluble  salts  with  lime  than  does  oxalic  acid.  Both  malonate  and  suc- 
cinate of  soda  are  absorbed  only  slowly  from  the  intestine,  and  act  as  saline 
cathartics. 

The  oxalates  are  not  used  in  therapentics.  In  eases  of  oxalate  poisoning 
the  natural  antidote  is  lime,  which  forms  an  insoluble  precipitate  in  the 
stomach  and  may  also  relieve  the  symptoms  induced  by  the  withdrawal  of 
lime  from  its  normal  combination  in  the  tissues.  At  the  same  time  large 
quantities  of  water  and  diuretics  may  be  given  in  order  to  wash  out  the 
nystals  of  oxalate  from  the  urinary  tubules. 
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■■  XIX.    ACIDS. 

Some  acids  owe  their  activity  in  the  organism  almost  entirely  to 
their  acidity,  t.  e.,  to  the  h^Hroypn  inn,  which  is  much  more  powerfnl 
than  the  potassium  ion,  hut  otherwise  stands  on  the  same  plane  with 
it;  those  acids  may  therefore  he  treated  of  together.  In  the  case  of 
many  other  acids,  such  as  prussic  or  salicylic  acid,  the  effects  of  the 
acidity  or  hydrogen  ion  are  insignificant  in  comparison  with  tboee  of 
the  rest  of  the  molecule  or  the  negative  ion,  and  these  are  treated  along 
with  their  salts. 

Action. — The  acids  owe  their  action  on  living  tissnee  to  their  ngp- 
t{gl^£UI£,.alluJies,  to  their  withdrawing  water,  when  in  concentrated 
form,  and  to  their  precipitaHflg  some  of  tflfl  j^roteing,  more  espgsiiUy 
tlip  fyTnlinHna- 

Afntt  liT'"fj;  ""i**-^'-  i'°  T^p]itral  or  slightly  alkaline  in  reaction,  and 
seems  to  ha  incHpahle  nf  pxiating  m  a^n  yedia.  Exceptions  are  met 
with  in  some  of  the  mouicts  and  m  other  vegetable  organisms  which 
live  in  somewhat  acid  solutions,  but  even  these  are  destroyed  by  more 
concentrated  solutions,  perhaps  because  the  acids  precipitate  their  pro- 
teins. Acids  are  therefore  Protoplasm  Poisons  and  antiseptics  of  some 
power.  Hydrochloric  acid  is  found  to  delay  the  growth  of  organisms, 
and  even  to  destroy  the  great  majority  of  the  less  resistant  forms  in 
0.2-0.3  per  cent,  solution,  or  in  the  percentage  in  which  it  exists 
in  the  gastric  juice.  The  others  vary  in  strength  largely  according  to 
their  acidity,  that  is,  according  to  the  number  of  hydrogen  ions,  or 
the  amount  of  dissociation.' 

When  sulphuric  ftf  r'tlifi  P"'*^ '°  applied  to  the,8kla  in  concentrated 
form,  it  acts  as  a  powerful  caustic,  destroying  the  epidermis  and  pene- 
trating to  some  distance  into  the  skin  and  subcutaneous  tissues,  in 
which  it  causes  n^eryais.  This  is  of  course  accompanied  by  great 
Bgin,  and  if  much  oftne  skin  is  attacked,  by  s^Qcfc  and  collapse  and 
symptoms  similar  to  those  seen  in  severe  bums.     Siilphunc  acid 

"  ^ic  acid  a  i 


causes  a  white,  later  a  brown  or  hlack  eschar,  nitric  acid  a  ygHQy- 
HydiQutlgiic  acid  ia  less  liable  to  cause  wholesale  aestmction  of  the 
skin,  hut  penetrates  the  epidermis  and  MisesbKgtgrs.  The  organic 
HPTjJB  nr\A  phf^phfirin  pij'.id  are  stil^lfSi}  irritj^nt.  Tiiif.  ohmup.  rednMS  and 
oven  bliatrring  when  applied  m  concentrated  solution,  'n'illltf  °'^li'- 
tions  of  the  acids  may  act  as  slight  irritants  to  tfae^  skin,  and  often 
cause  a  feeling  of  stiffness  and  tmini^npaa  pgrhapa  froni  precipitating 
thgjiEoteiji^. 

The  corrosive  aclioa-^f  the  acids  is  much  more  marked  when  they 
are  applied  to  the  Jess  resistant  Macous  Membraaes.     Even  small  quan- 

*  Id  somA  instacceB  tbe  tozjcity  of  an  acid  ia  not  pTopartional  to  its  diasocut- 


e  toxicity  of  an  acid  ia  not  pTopartional  to  its  diasoci*- 
1,  however,  and  Loeb  haa  ahown  that  aome  aeida,  notably  the  slightly  diaaoeiated 
higher  organic  acida,  penetrate  cella  more  readily  than  aome  of  tiie  simpler  ones 
and  tbuB  moie  than  compensate  for  the  f ewneaa  of  their  hydrogen  ions. 
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titiee  of  strong  sulphuric  acid  striking  the  eye  are  sufficient  to  destroy  » 
the  sight. 

la  t^e  Month,  (Esophasna,  and  Stomach,  the  corrosive  action  is  evi-  -l 
denced  by  complete  destruction  of  the  diucotjb  membranes  which  come  I 
in  contact  with  the  strong  acid.     The  (esophagus  and  stomach  may  be  ' 
perforated-  and  this,  along  with  the  shock  and  collapse,  often  proves 
immediately  fetal,  or  if  the  patient  recovers  temporarily,  the  erosions 
may  give  rise  to 'cicatricial  contractions  and  death  from  inanition. 
Hydrochloric  acid  and  tne  stroBge'r  organic  acids  are  capable  of  caus- 
ing corrosion  of  the  mucous  membranes,  but  this  is  not  so  extensive 
generally  as  that  following  nitric  and  sulphuric  acid.     The  corrosion  ■ 
from  acids  differs  from  that  from  alkalies,  in  the  tissues   being! 
shrunken,  hard  and  brittle,  while  after  a  caustic  alkali  they  are  soft  J 
and  swollen  and  have  a  slimy  soapy  appearance. 

The  symptoms  of  corrosive  acid  poisoning  are  intense  pain  in  the 
mouth,  throat  and  stomach,  vomiting  and  often  (Jiftfrhcep,TR5ck  and 
pulse  and  si    "  *      '  —      ■ 


'ollapse,  with  rapid.  ^^gakpuTseTncT  shallow  respiration.  The  tem- 
perature is  often  subnormSTanH^death  occurs  in  tne  TOurse  of  a  few 
hours.  When  fuming  acids  are  swallowed,  and  especially  in  poison-, 
ing  with  hydrochloric  acid,  the  irritant  vapor  passing  into  the  respira-i 
tory  passages  may  cause  spasm  of  the  glottis,  or  oedema  of  the  larynxj 
and  prove  immediately  fatal  from  asphyxia.  Even  one  part  of  hydro* 
chloric  acid  vapor  in  20,000  of  air  causes  sneezing  and  pain  in  the 
throat  and  cheet  (Lehmann). 

^illltr  nn'Tl'"r"  of  the  acids  have  a  characteristic  taste,  and  induce 
a  reflex  fit™  -^f  piliTm  a-nA  an  astringent  feeling  in  the  mouth  and 
throat  from  their  causing  a  coagulation  of  the  superficial  layers  o£ 
proteins.     In  the  stomacb-they  displace  any  weaker  acids  from  their 
combinations  with  bases,  and  may  have  some  aniigfiplic  action,  but  do 
not  influenyp  t.lip  nmgimt  rtf  Kpcretion  in  any  way.     The  gastric  juice       v\-i- 
is  normally  acid,  coniaming  about  u.iJ  per  cent,  of  fre£,hydrochloriG   )t  iKl 
acid,  and  this  acid  reaction  is  essential  to  the  action  of  pepsin.    Other       I'  *^^ 
acids  may  replace  the  hydrochloric  acid  in  digestion,  and  a  good  deal 
of  work  has  been  done  in  determining  the  relative  value  of  the  acids 
for  this  purpose.     This  is  done  by  adding  different  acids  to  solutions 
of  pepsin  in  teflt-tubes,  and  noting  the  amount  of  fibrin  or  other  pro- 
tein which  is  digested  in  the  course  of  a  number  of  hours.     These 
experiments  have  shown  that  hydrochloric  is  better  than  most  other 
acids,  but  is  perhaps  surpassed  by  hydrofluoric  and  oxalic  acids,  whose 
poisonous  action  precludes  their  use ;  so  that  both  clinical  experience 
and  experiment  point  to  hydrochloric  acid  as  the  most  suitable  acid 
,for  use  in  the  stomach.     In  cases  of  deficient  gastric  sec 
administration  of  acids  increases  the  acidity  of  the  food  a 
into  the  duodenum  and  may  thus  promote  the  formation  c 
and  consequently  the  secretion  of  the  pancreas. 

The  acids  are  absorbed  from  the  alimentary  cnTiHl  fRJrly  rapidly  in 
most  case*.  In  th?TtIoodimdTisE^^h^_^jiot-asiat_aa_i£iiibut 
as  j^lts.  for  the  reactiAH  ot  ihe  ETood  must  remaiTi  alightly  ^i]lfnlniA 
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\  throiighout  life,  and  if  sufficient  acid  be  given  to  neutralize  the  alka- 
\  lies  of  the  body,  the  animal  dies  before  the  blood  becomee  neutral, 
[  although  after  death  it  may  be  found  to  be  acid.     The  means  provided 
by  the  economy  to  neutralize  acids  differ  in  different  animals ;  in  the 
herbivora  the  fized  alkalies  of  the  blood  and  tiesues  are  called  upon 
chiefly,  and  if  more  acid  be  absorbed  than  can  be  neutralized  by  these, 
the  animal  dies;  in  the  carnivorous  animals  and  in  man,  a  further 
protective  mechanism  exists,  for  in  these  ammonia  is  liberated  by  the 
tiseuee,  and  serves  to  neutralize  the  acid,  and  thug  saves  the  fixed 
alkalies.     The  difference  is  relative  and  not  absolute,  however,  for 
the  herbivora  also  develop  some  ammojua^and  the  camivora  employ 
some  of  the  fixed  aiKanefi  to  preserve  the  normal  reaction  of  the  tis- 
I  sues.     Man  appears  to  stand  midway  between  the  two  dltsses,  lor 
V  wEile  ammonia  appears  in  the  urine  after  acid  absorption,  the  fixed 
lalkalies  are' also  present  in  excess.     Much  larger  amounts  of  dilnte 
acids  may  therefore  be  absorbed  without  serious  symptoms  by  man 
and  by  the  camivora  than  by  the  herbivora.     The  explanation  of  this 
difference  between  the  flesh-eating  and  the  plant-eating  animals  is  to 
%  be  found  in  the  nature  of  their  food.     The  flesh-eaters  are  accus- 
J  tomed  to  the  formation  of  some  acid  in  their  tissues,  because  the 
I  alkalies  of  their  food  are  insufficient  to  neutralize  the  acids  formed 
\  by  the  o^dation  of  the  organic  matter,  and  they  would  gradually  be 
I  deprived  of  all  their  alkaline  salts,  therefore,  were  they  not  protected 
1  by  the  formation  of  ammonia.     On  the  other  hand,  the  herbivorous 
lAnimals  absorb  much  larger  quantities  of  the  organic  salts  of  the  alka- 
(lies  in  their  food,  and  these  forming  carbonates  in  the  body,  serve  to 
jneutralize  what  acid  is  formed  in  the  tissues.     In  ordinary  circmn- 
Btances,  therefore,  they  have  no  need  to  protect  the  fixed  alkalies,  and 
are  unprovided  with  any  mechanism  for  this  purpose.     When  an 
excess  of  acid  is  absorbed,  they  neutralize  it  by  means  of  the  fixed 
alkali  of  the  tissues  and  blood,  and  this  leads  to  a  lessened  alkalinity 
of  the  blood,  which  becomes  unable  to  carry  so  much  carbonic  acid 
from  the  tissues  to  the  lungs.     Thus  in  acid  poisoning  in  rabbits,  the 
alkalinity  of  the  blood  has  been  fonnd  to  be  so  greatly  reduced  that 
instead  of  containing  some  twenty-five  volumes  of  carbonic  acid  per 
cent,  of  blood,  it  carried  only  two  volumes  per  cent,  or  very  little  more 
than  could  be  dissolved  in  the  same  amount  of  water.     When  this 
occurs,  the  tissues  are  unable  to  rid  themselves  of  their  carbonic  acid, 
and  a  series  of  symptoms  follow,  commencing  in  deep,  labored,  rapid, 
afterwards  shallow,  respiration ;  the  heart  is  weak,  a  condition  of  col- 
lapse follows,  and  eventually  the  respiration  ceases,  the  heart  con- 
tinuing to  beat  for  some  time  longer.     The  quantity  required  to 
poison  a  rabbit  in  this  way  is  about  1  G.  of  hydrochloric  acid  for  each 
kilogm.  body  weight.     The  injection  of  sodium  carbonate,  even  in  the 
last  stage  of  intoxication,  is  followed  by  rapid  recovery,  from  more 
alkali  being  supplied  the  blood  and  tissues,  while  other  carbonates  are 
not  so  useful,  owing  to  the  action  of  the  basic  ion.     The  blood-pressure 
in  rabbits  is  much  reduced  by  the  acids,  from  depression  of  the  vaso- 
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motor  centre  and  the  heart.  In  camivora  and  man,  the  alssorptioni 
of  dilate  adds  does  not  alter  the  alkalinity  of  the  hlood  to  any  marked! 
degree,  and  no  serious  symptoms  arise  from  this  caase. 

The  salts  formed  in  the  blood  and  tissues  after  the  absorption  of   ■ 
acids  are  rapidly  Excreted  by  the  kidneys,  which,  however,  retain  as   I 
much  alkali  as  possible  in  the  body  and  thus  excrete  the  salts  in  an   \ 
acid  form.     itUaca there  arises  ia  some  cases  irritation  of  the  kidneys, 
with  albumin,  and  even  blood,  in  the  urine,  which  ia  rendered  more 
^cid  than  usual  and  causes  a  sensation  of  jieat  and  sigarting  in  the 
h^n^flBr  and  urethra.     In  the  herbivora  the  reaction  changes  from 
alkaline  to  strongly  acid,  and  large  quantities  of  the  salts  of  the  alka-  . 
lies  appear,  while  in  the  carnivora  some  increase  in  the  sodium  and  I 
potassium  of  the  urine  occurs  along  with  a  much  greater  increase  in  / 
the  ammonia.     The  total  nitrogen  is  somewhat  increased  from  the  | 
large  amount  of  ammonia,  but  the  urea  is  aligljtly  decreased.     Some  | 
authors  have  found  an  augmented  excretion  of  lim^  in  the  urine,  while 
others  state  that  it  is  less  than  usual. 


Not  infreqaentlj  fatty  degenera 


.  tration  of  the  heart,  IJTer,  muscles  or  kidney 

been  observed  in  corrosive  aei^  poisoning,  when  the  patient  survivRfi  rrir 

a  few  days,  and  FraenkA  and  Ueiche  found  a  form  of  necrosis  of  the  renal 
cells  in  these  cases.  These  changes  are  not  due  to  free  acid  in  the  blood,  bnt 
their  exact  cause  has  not  been  satisfactorily  determined. 

The  prolonged  treatment  of  animals  with  acids  has  been  found  to  be  fol- 
lowed by  antemia  and  loss  of  flesh  and  strength,  which  are  probably  attribu- 
t^Ie  to  the  disturbance  of  tbe  digestion  and  not  to  any  specific  action  of 
the  acids. 

Acids  applied  dinwtlv  tji  tMt>  Hoing  tissues  lefisen  their  vitnlitv.  nn^  unless 
there  is  sufficient  alkali  present  to  neutralize  them,  soon  destroy  it  entirely. 
In  some  cases  they  tend  to  cause  a  temporary  increase  in  activity  at  first; 
thuB  the  cilia  of  ciliated  epithelium  have  been  found  to  move  more  rapidly 
at  first  in  very  dilute  acids  and  then  to  cease  all  movement,  while  muscle 
seems  to  be  rendered  weaker  and  less  irritable  at  once.  As  in  the  case  of 
alkalies,  Loeb  finds  that  dilute  acid  causes  mnscle  to  imbibe  more  water  than 
salt  solution  does,  and  Hamburger  finds  that  the  red  blood  cells  are  increased 
in  size  by  tbe  addition  of  small  quantities  of  acid  to  the  blood  outside  the 
body.  The  frog's  heart  is  weakened  and  dilated  by  the  addition  of  acid  to 
a  perfusing  solution,  and  the  muscular  wall  of  the  vessels  also  relaxes. 
The  addition  of  acids  to  the  blood  tends  to  agglutinate  the  red  cells  and  to 
form  methiemoglobin. 

Therapeutic  Uses. — The  acids  are  used  in  medicine  only  to  a  limited 
extent,  and  most  of  the  oEScial  preparations  might  well  be  dispensed 
with. 

They  may  be  employed  to  irive  flavpr  tn  Hrauf^hta  in  fcyer  and  in  the  thirst 
of  diabetes,  the  most  popular  lorms  oemg  those  fonned  rrom  fruits,  such  aa 
lemoiiy,  UlS^  or  grapes.  The  taste  is  due  to  the  sugars,  acids  and  volatile 
oils  of  tbe  fruits,  and  is  modified  by  the  presence  of  inert  colloid  substances, 
such  as  the  pectins.  The  acids,  of  which  dtric,  tartaric  and  malic  are  the 
chief,  are  very  important  factors  in  the  effect,  for  ii  these  be  neutralized,  the 
fruit  juices  become  insipid,  and  do  not  quench  thirst  so  thoroughly.  The 
so-called  grape  core,  in  which  very  large  quanDnes  ol  grapes  are  eaten,  owes 
most  of  its  value  to  the  large  amount  of  water  taken,  although  the  acids  and 
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salts  ma;  act  as  aperientB  m\he  same  way  ob  the  saline  cathartics.     TnnfjaA 

(of  the  fruit  juices,  carbome  acid  waters  ma;  be  adTised,  and  occasionally 
other  acids,  sach  as  phosphoric  or  sulphuric,  are  prescribed  to  give  flavor. 

\  Acids  are  also  used  in  certain  forms  of  dyspepsia  in  wMcb  the 
hydrochloric  acid  of  the  stomach  is  deficient  Hydrochloric  acid  is 
most  frequently  prescribed  for  this  purpose,  although  nitric  and  nitro- 
hydrochJoric  acids  have  also  some  reputation;  the  hydrochloric  acid 
is  certainly  more  efficient  than  these  in  teet-tube  experiments  on 
digestion.  The  forms  of  dyspepsia  thus  treated  are  generally  those 
arising  from  a  sedentary  life  or  in  the  course  of  convalescence,  and 
the  acids  are  often  prescribed  along  with  the  bitter  stomachics  and 
are  to  be  taken  about  half  an  hour  b^ore  meals.  Imtation  of 
^he  stomgcbj-or  hyperacidity  of  the  gastric  juice,  is,  of  course,  a 
(^ntr^mdication. 

In  cases  ol  alkaline  poisoning,  the  acids  are  the  natural  treatment ; 
the  organic  acids  should  be  preferred  for  this  purpose,  as  they  are  less 
liable  to  cause  additional  corrosion,  and  acetic  acid  in  the  form  of 
vinegar  is  more  likely  to  be  at  hand  than  any  other. 

)In  every  case  in  which  acids  are  prescribed  internally,  they  have 
to  be  given  largely  diluted,  as  otherwise  they  irritate  the  throat  and 
stomach.  They  arc  taken  through  a  glass  tube,  in  order  to  prevent 
as  far  as  possible  their  action  on  the  teeth. 

Strong  aeids  b&ve  some  effect  in  arresting  hjemorrhage  'stYPt'"^  when 
applied  directly  to  the  bleeding  point,  but  are  much  inferior  to  some  of  the 
metallic  salts,  such  as  the  iron  perchloride. 

Externally,  the  acids  are  nsea  to  some  extent  as  corrosives,  strong  nitric 
acid  being  not  infrequently  used  to  destroy  small  tumors,  to  eauterize  the  OS 
uteri  and  for  similar  objects.  Its  action  is  more  easily  localized  than  that  of 
potash  and  on  the  other  hand  ie  more  powerful  than  the  metallic  salts,  such 
as  silver  nitrate  and  zinc  chloride.  In  dilute  solution,  they  are  sometimes 
applied  to  the  nlrin  to  lessen  pti-prhivb  ]"''r'\\  «"ep'^'"Ff  and  diluted  vine^I  is 

often  used  to  gpnnyc  fpCT-T  pntiontB 

In  cases  of  corrosive  Foisoning  with  acids,  the  first  indication  is  to 

neutralize  the  acids  as  far  as  possible  by  giving  alkalies.     Theseought 

not  to  be  in  themselves  corrosive,  and  the  beat  antidote  is  therefore 

the  iTiRn1]|)i1p  ^^flpTtPHi'fl  and  magnesium  carbonate!     Lacking  these, 

/  )  the  most  readily  aceeesible  alkali  is  ttie  best,  and  the  lime  may  be 

I  S  scraped  from  the  walls  or  ceilings,  or  chalk,  soap,  or  wood  ashes  may 

1  1  be  given.     The  walls  of  the  stomach  and  (esophagus  may  also  be  pro- 

/  I  tected  by  giving  milk  or  white  of  ^g,  or  the  acid  may  be  rendered 

^  lleas  corrosive  by  diluting  it  with  large  quantities  of  water. 
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Snlphnrio  Add. 

Sulphuric  is  one  of  the  most  corrosive  acids  irtieti  it  is  applied  in  concen- 
trated form,  and  often  induces  complete  p^arnnir  nt  the  tissues,  and  a^oal- 
falack  slough. 

Acidum  iiilphuricum  (U.  S.  P.,  B.  P.)  concentrated  sulphuric  acid,  con- 
taining at  least  92.5  per  cent,  b;  weight  of  absolute  snlphuric  acid  V.  S.  P., 
containing  98  per  cent.  iS.  P. 

Aeidum  Sulphurieum  DHutum  (U.  S.  P.,  B.  P.)  contains  IQ  per  cent.  _  /  — 
U.  S.  P.,  13.65  per  cent.  B.  P.  of  absolute  sulphuric  acid.  0.6-2  c.c.(16-5(r  **"*^2" 
mins.). 

Aeidum  Sulphvricvm  Aromatieum  (U.  S.  P.,  B.  P.)  is  an  alcoholic  solu- 
tion flavored  with  ginger  and  cinnamon.  The  U.  S.  P.  preparation  contains 
20  per  cent.,  the  B.  P.  preparation  13.8  per  cent,  of  snlphoric  acid.  0.3-1  C.e. 
(5-15  mine.)  in  a  glass  of  water. 

Sulphuric  acid  and  its  preparations  are  not  largely  used.  It  is  oceasion- 
allf  applied  as  a  caustic,  but  nitric  acid  is  generally  preferred.  Internally  it 
is  largely  used  as  a  prophylactic  and  remedy  in  lead  poisoning,  but  it  is 
probably  of  little  value  here.    When  prescribed  internally  the  aromatic  acid 

is    the    best    form,    but    anlpli)ififf    -^{J    -^-U    l.»    J^.j J    -jpft,    pn^iwly    in 

therapcuti'^ 

Nitric  Acid. 

Nitric   acid  la  equal  or   superior  to   anlnhnrin   in   itj  )-(^TT(wimi   ai^imi       It 

stains  the  skin  and  tissues  a  bngnt  yeiiow  or  yellowish-brown,  and  this  serves 
to  distinguish  cases  of  poisoning  under  the  two  acids. 

Aeidum  Nitrieum  (TJ.  S.  P.,  B.  P.)  contains  63  per  cent,  of  absolute  nitrio 
acid  (HNO.)  (B.  P.  70  per  cent.).  ■ 

Aeidum  Nitricum  DHutum  (U.  S.  P.,  B.  P.)  contains  10  per  cent.  U.  S.  P.,  i  ^  ^f 
17.44  per  cent  B.  P.  by  weight  of  absolute  nitric  acid. "  O.B-y  cT.  (10-30  V  -  A  *- 
mins.). 

A  glass  rod  dipped  in  concentrated  nitric  acid  is  used  as  a  corrosive.  The 
dilnte  acid  has  been  advised  in  dyspepsia,  but  is  generally  considered  inferior 
to  hydrochloric  acid,  and  has  been  shown  to  be  much  less  efficient  in  artificial 
digestion.  It  has  also  some  reputation  in  certain  liver  diseases,  but  is  sup- 
posed to  be  inferior  to  the  nitrohydrochlorio  acid.  Nitric  acid  is  occasionally 
used  in  some  intestinal  conditions  accompanied  by  diarrhcea. 

HydrocUoric  Aoid. 

Hydrochloric  add  is  less  corroaive  than  the  two  preceding  acids,  and  tends 

to  cause  bliiitcring  on  tho  atrin  ratitif  *biin  ntwiwia     It  may  cause  actual  loss 

of  substance,  however,  when  applied  to  the  mucous  membranes  in  concentrated 

form,  and  stains  the  mouth  a  wM 


Aeidum  Hydrochhricwn  (U.  S,  P.,  B.  P.),  pnriatie  or  hydrochloric  acid, 
contains  nearly  32  per  cent,  by  weight  of  the  gas  UCl. 

Aeidum  Hydroeklorieum  DOutum  (U.  S.  P.,  B.  P.)  contains  IQ  per  cent. 
of  hydrochloric  acid  gas.     0.3-2  c.c.  {5-30  mins.)  in  a  glass  of  water.  ,3    -  i  *C 

Concentrated  hydrochloric  acid  is  scarcely  used  in  therapeutics.    The 
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diluted  acid  is  often  prescribed  in  djrspepsia  Id  which  there  seems  to  be  a 
deficiency  of  the  natural  acid  secretion.  In  cases  of  diarrhcea  in  whieh  exee»- 
sive  putrefaction  of  the  intestinal  contents  is  present,  it  may  be  of  braiefit 
I  when  prescribed  along  with  other  drugs;  this  action  ia  probablj  explained  by 
I  its  di^nfeoting  the  stomach  contents,  as  the  hydrochloric  acid  of  the  gastric 
I  secretion  normally  does;  for  the  (b>able  sulphates  of  the  urine  certainly 
I  diminish  under  its  use  in  many  cases.  It  is  said  that  hydrochloric  add  pr&- 
I  vents  the  lactic  fermentation  in  1 : 1,000  dilution,  and  that  in  addition  to  its 
*  action  on  the  digestive  ferments  it  increases  the  peristalsis  of  the  stomach. 
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introIi7drocUorio  Add.  (^^tsJL  ^*t^ 
Nitrohydrochloric  acid  is  formed  by  mixing  bydroenloric  and  nitric  acid, 

I  and  contains  not  only  the  original  adds,  but  a  number  of  decomposition 
products,  such  as  chlorine,  nitroxychloride  (NOCI)  and  nitrous  acid.  The 
strong  acid  (aqua  regia)  is  the  most  poweiful  solvent  and  oxidizing  agent 
known,  dissolving  such  refractoiy  metals  as  platinum  and  gold. 

Addwn  Nitrohydrochloricum  (U.  S.  P.),  nitromuriatic  acid,  aqua  regia,  is 

formed  by  mixing  180  parts  of  nitric  acid  with  820  parts  of  hydrochloric  acid. 

Acidum  Nitroht/drocUoricum  DUvlum  (U.  S.  P.)  is  formed  by  mixing  40  e.e. 

,,^       of  nitric  acid  with  182  of  hydrochloric  and  diluting  the  whole  to  one  litre. 

1  c.c.  (15  mins.) . 

Acidum  NitrahydTochloricum  Ditvtum  (B.  P.)  Is  formed  by  mixing  6  parts 
of  nitric  add  and  8  parts  of  hydrochloric  acid  with  50  of  distilled  water. 
5-20  mina. 

ITbe  diluted  add  alone  is  used  in  therapeutics,  and  does  not  seem  so  effident 
in- ordinary  dyspepsia  as  the  dilute  hydrochloric  add,  but  has  some  reputation 
in  the  treatment  of  liver  diseases  and  jaundice,  though  no  explanation  of  its 
action  in  these  conditions  has  been  offered.  The  acids  cannot  act  as  such 
except  in  the  alimentary  canal,  but  in  the  nitrohydrochloric  acid  other  con- 
stituents, such  as  chlorine,  are  present,  and  it  is  concdvable  that  some  of 
these  may  have  a  specific  effect  on  the  liver;  further  proof  would  seem  to 
be  required,  however,  that  the  treatment  is  really  of  valne.  The  acid  is 
ordinarily  given  by  the  mouth,  but  some  authorities  advise  that  it  be  applied 
in  the  form  of  a  foot-bath  or  of  an  ordinary  bath,  and  others  apply  it  in  a 
compress  over  the  liver.  These  external  applications  are  stated  to  be  even 
more  efficadous  in  hepatitis  than  the  internal  administration,  and  this  serves 
only  to  strengthen  the  doubt  of  the  value  of  the  remedy,  for  it  is  contrary 
to  all  experience  that  such  bodies  should  be  absorbed  in  any  quantity  from 
the  skdn,  and  their  local  action  as  cutaneous  irritants  does  not  differ  from 
that  of  other  drugs. 

Phosphoric  Add. 

Phosphoric  acid  is  much  less  corrosive  and  irritant  than  the  other  mineral 
adds,  but  in  large,  concentrated  doses  may  cause  gastro-enteritis. 

Acidum  Fhosphoricum  (U.  S.  P.)  fnntninti  jtS^ner,  cent..  Acidum  Phoa- 
phoricum  Coneentratum  (B.  P.),  66.3  per  cent,  of  absolute  phospborie  acid 
(H,PO.). 
^^     _  AdduM  Phosphoricttm  Dilutum  (U.  S.  P.,  B.  P.)  mnt^pa  ]^t  pw  iwnt ,  XT. 

'=r>-X  ttg  p^  g^j  ]^3^  pgp  ^^t^  B  p^  gf  phosphoric  add.    0.3-2  cc.  (6-30  mins.). 

Phosphoric  acid  has  been  nsed  to  some  extent  to  form  cooling  draughto  in 
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tevtT.  It  has  also  been  prescribed  in  various  cachectic  conditions  on  the  theory 
that  these  were  due  to  a  deficiency  of  phosphates  in  the  food  and  tissnee ;  bat 
it  has  never  berai  shown  to  be  of  any  benefit,  and  experiments  have  proved 
that  the  nnimi^l  Haaues  are  unable  to  bnild  np  phoaphorua  componnds  froin| 
the  inorganic  pnospnaKS. 

Snlphuroiu  Acid. 

Siilphuroue  acid  differs  from  the  preceding  members  of  the  group 
in  its  powerful  rpf^m-iTig  n^ti^Ti^  tbroupb  Trhirh  't  VinrrTrirn  np'^''-*^  t" 
sulphuric  acid,  and  wiiicn  renders  it  atronglv  poisonous  to  protoplaam 
in  general,  quite  apart  Jrom  ita  acidity. ,  BulpWfrouH  acid  anhydrida  1 
is'^ucurilliigly  used  to  a  considerable  extent  to  di£infect_£0£an8  and] 
furniture  after  infectious  diseaaea :  for  this  purpose  sulphur  is  bumedl 
in  ihe  room,  which  ought  to  be  rendered  as  air-tight  as  possible,  and! 
the  fumes  are  allowed  to  act  for  several  hours  before  the  room  is  venti-l 
lated.  The  value  of  this  method  of  disinfection  has  been  called  in 
question,  but  there  is  no  doubt  that  sulphurous  acid  gas  is  fairly 
germicidal  when  it  is  applied  along  with  moisture.  It  is  not  capable 
of  such  a  wide  application  as  formaline,  because  sulphurous  acid 
bleaches  many  coloring  matters,  and  the  procedure  is  open  to  the 
objection  that  it  may  lend  a  sense  of  security  which  is  quite  unwar- 
ranted, and  may  lead  to  the  neglect  of  other  measures.  The  disin- 
fection to  be  of  any  value  must  be  thoroughly  carried  out,  and  can 
only  be  applied  to  inanimate  objects,  as  the  fumes  are  fatal  to  the 
higher  animals,  even  when  much  less  concentrated  than  are  necessary 
to  destroy  bacteria.  In  order  to  be  of  service,  at  least  one  volume  of 
SO2  ought  to  be  present  in  each  hundred  volumes  of  air,  and  even  this  1 
concentration  is  insufficient  to  destroy  the  spores  of  bacteria.  Novy*  P 
recommends  3-6  pounds  of  sulphur  to  be  burned  for  each  1,000  cubic  | 
feet  of  space ;  the  walls  and  floor  should  be  sprayed  with  water,  and  I 
the  room  must  be  kept  perfectly  closed  for  at  least  twenty  hours.  1 

The  chief  symptoms  of  poisoning  with  sulphurous  acid  are  t^ose  of 
irritation  of  the  mucous  itaembraneir  and  if  the  solution  be  swallowed 
these  may  not  differ  from  those  of  the  other  acids.  Sulphurous  acid 
penetrates  thf^  tissnw  mnro  papiitly  ifjpti  mniif  n-f  tliP  ^tliAi-a^  owing  to 
itg  gaseoiiH  form^  and  does  not  cansft  nffiml  i/-°n  »f  Kiihytance  as  sul- 
phuric acid  does. 

In  poisoning  from  the  inhalation  of  the  anhydride,  aa.  the  other 
hand,  the  symptoms  arise  chiefly  from  the  respiratory  tract.  Even 
in  five  parts  in  10,000  it  acts  as  an  irritant,  causing  sneezing,  cough- 
ing and  lachrymation,  and  in  somewhat  greater  concentration  it  be- 
comes entirely  irrespirable ;  still  smaller  quantities  in  the  air  cause 
bronchial  irritation  and  catarrh,  when  inhaled  for  some  time.  Sul- 
phurous Jn^id  jflppiitrftlizfd  and  oxidized  for  the  most  part  to  sulphates 
in^ 

Tbe  solution  of  sulphurous  acid  of  the  phannacopceia  is  used  to  a 
limited  extent  as  an  antiseptic  solution  in  skin  diseases.     It  is 

'  Novy  and  Waite.    Uedical  NewB,  bml,  p.  641. 
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more  irritant  to  the  broken  skin  than  many  other  equally  powerful 
antiseptics. 

^  Addum  Stdphufosum,  U.  8.  P. — A  solatiou  of  not  less  than  6.4  per  cent, 
by  weight  of  sulphtirouB  acid  gas  (SO,)  in  water.  B.  P.,  a  Bolntioa  contain- 
ing 6.4  per  cent,  of  hydrogen  sulphite  (H^O,)  corresponding  to  5  per  cent, 
by  weight  of  sulphurous  anhydride  (SO,).    . 

Organic  Adds  of  the  Fatty  Series. 

I  The  organic  acids  have  a  much  leas  marked  local  action  than  the  inorganic, 
I  causing  little  or  no  eorrosion  unless  when  applied  to  mucoos  sorfaces  in  veay 
I  concentrated  form.  They  are  absorbed  as  ^ts  of  the  alkalies,  bat  do  not  as 
a  general  rule  reduce  the  alkalinity  of  the  blood  or  render  the  urine  more  acid, 
.because  they  are  oxidized  to  carbonates  in  the  tissues.  Oxalic  acid  is  the  chief 
exception  to  this  rule,  but  the  specific  action  of  the  oxalates  is  powerful 
enough  to  conceal  the  acid  action  to  a  great  extent. 

Acetic  Add  applied  in  concentrated  solution  to  the  skin  eansea  irritation 
and  congestion  and  eventuallY  blistering,  but  does  not  mduce  necrosis  exeepT 
iSf  tliB  mUBL  BUpCTflullU  \.&^tiH.  The  congeation  is  often  followed  by  marked 
pallor  instead  of  by  blistering;  and  this  has  been  eitplained  by  contraction 
of  the  vessels,  but  may  be  due  to  a  precipitation  of  the  proteins  of  the  akin. 

(In  the  mouth  and  stomach  it  acts  as  an  irritant,  causing  vomiting,  great  pain, 
collapse  and  even^ggjj^  the  epithelium  is  found  thickened  and  occasionally 
contains  hoBmorrhages.  Dilute  acetic  acid  (vinegar)  has  little  effect  apart 
from  its  acid  taste,  and  is  used  largely  as  a  Savoring  agent  and  condiment. 
\  The  prolonged  use  of  large  quantities  may,  however,  give  rise  to  gastric  irri- 
t  tation  and  to  loss  of  appetite  and  weight. 

Addum  Aceticum  Glaciate  (U.  S.  P.,  B.  P.)  (HC,H,0,)  is  almost  absolnte 
acetic  acid  (Q9  per  cent.),  and  becomes  crystalline  at  a  temperature  some- 
what below  15"  C.  (60°  r.). 

Addum  Aceticum  (U.  S.  P.,  B.  P.)  contains  36  per  cent,  of  absolute  acetic 
acid  U.  S.  P.,  33  per  cent.  B.  P. 

Addum  Aceticum  Dilutum  contains  6pe£_££ii^  of  absolute  acetic  acid 
U.  S.  P.,  4.27  per  cent.  B.  P.  (Dilute  ficetic  acid  is  used  to  form  the  official 
aceta  except  the  Acetum  Cantharidis,  B,  P.)    2-4  c.e.  (J-l  fl.  dr.). 

Acetic  acid  is  sometimes  applied  to  the  skin  as  a  slight  local  irritant  in 
contusions,  and  in  very  dilute  solutions  to. cool  the  surface  and  to  prevent 
excessive  local  perspiration.  It  has  been  used  as  a  styptic  in  slight  tuemor- 
rbage,  and  may  be  inhaled  for  this  purpose  in  tpiataxis.     Vin^ar  ia  also 

I  inhaled  in  cases  of  fainting,  in  order  to  induce  a  rellex  stimulation  of  the 
vasomotor  centre  th^ug^mtation  of  the  nostrils.  In  cases  of  poisoning 
with  alkalies  vinegar  is  often  the  most  convenient  acid  and  in  addition  is  less 
likely  to  do  harm  than  the  inorganic  acids. 

Acetic  acid  itself  ia  not  used  as  a  corrosive,  but  one  of  its  derivatives,  tri- 
chloracetic acid  (CCljCOOH),  has  been  employed  with  good  results. 

Formic  Add  resemblea  acetic  acid  in  most  points,  except  that  it  is  more 
volatile  and  more  irritant,  that  less  of  it  is  oxidized  in  the  tissues,  and  that 
given  in  large  quantities  it  is  said  to  induce  nephritis.  It  is  quite  useless  in 
therapeutics. 

The  other  acids  of  the  acetic  acid  series  resemble  acetic  acid  in  their  effects, 
but  become  less  irritant  as  they  become  more  complex  and  less  easily  dissociated. 
lActic  Add  resembles  acetic  add  in  its  behavior  in  the  organiran  (see 
page  557).  It  was  suggested  at  one  time  that  sleep  following  muscular  exer- 
tion waa  dne  to  the  lactic  acid  formed  in  the  mosdes,  and  this  add  was  there- 
fore recommended  as  a  hypnotic,  but  has  been  shown  to  be  of  no  value  for 
this  purpose.  Bickets,  rheumatism  and  other  diseases  were  also  at  one  time 
attributed  to  the  excessive  formation  of  lactic  add  in  the  tissues,  but  this 
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Oieory  is  only  of  blBtorical  interest.  TJnder  the  impression  tbat  lactic  acid 
was  the  normal  acid  of  the  gastric  digestion,  it  was  at  one  time  used  in 
dyspepeia. 

Acidum  Lacticum  (TJ.  S.  P.,  B.  P.)  is  obtained  bj  the  fermentation  of  milk 
sugar  or  grape  sugar,  and  contains  75  per  cent,  of  absolute  lactic  acid 
(HC,H,0,).     It  is  a  oolorless  liquid  o£  strong  acid  taste. 

Lactic  acid  has  been  used  recentljr  as  a  caustic  application  to  malignant 
ulcers  and  diphtheritic  membranes. 

Ox^c  Acid  is  frequently  used  as  a  poison  by  suicidea,  either  as  sncb  or  as 
ths'^n^pMaroium  salt  (salt  of  sorrel  or  essential  gait  or  lemons).  Poisoning  | 
has  ^^^Mdly  olSWni  froin'oitaljc  acid  flftVluy  htmii  mlStafcen'for  magnesium  \ 
sulphate,  vhich  it  resembles  in  appearance.  The  symptoms  are  those  of  acid  1 
poisoning,  along  with  the  specific  effects  of  the  oxalates  (see  page  560).  f 
Oxalic  acid  is  not  used  in  therapeutics.  ' 

Tartaric  Arid  induces  sjrmptoms  of  gastric  irritation  when  taken  in  large 
doses,  and  has  been  the  cause  of  fatal  poisonmg  in  a  few  cases.  It  is  slowly 
absorbed,  and  some  of  it  escapes  combustion  in  the  tissues  and  is  excreted  in 
the  urine  in  the  form  of  acid  tartrate.    (See  Tartrates,  page  542.) 

Acidum  Tartaricum  (U.  S.  P.,  B.  P.)   (H,C.H,0,),  colorless  crystals  very     C(.3'f-3 
soluble  in  water.     0.3-1.3  G.  (5-20  grs.). 

Tartaric  acid  is  prescribed  with  the  carbonates  and  bicarbonates  to  form  I 
effervescent  draughts ;  the  tartaric  acid  ought  to  be  slightly  in  excess  in  order  1 
to  lend  its  pleasant  acid  taste,  the  usual  pi^iportion  being  about  eight  parts  I 
of  acid  to  seven  parts  of  sodium  bicarbonate.  These  effervescent  mixture*  ' 
formed  with  the  tartrates  act  as  saline  cathartics  in  lai^  doses  (see  page 
544).  Tartaric  acid  may  he  prescribed  in  dilute  solution  with  sugar  and  a  / 
drop  of  volatile  oil  as  a  lemonade,  which  is  cheaper  than  that  formed  with  | 
citric  acid. 

Oitrlc  Acid  resembles  tartaric  acid  in  its  action,  but  appears  less  irritant, 
and  no  case  of  serious  poisoning  is  recorded  from  its  use.  It  is  slowly 
absorbed  like  tartaric,  but  seems  to  be  *lP'""''_^"Mrfi'^  n-riAjji^A  in  {he  tissues. 

Acidum  Citricum  (TJ.  S.  P.,  B.  P.)  (H,C.H,0,  +  H,0)  resembles  tartaric    q  3_,  .  j 
acid  in  its  properties  for  the  most  part.     0.3-1.3  G,  (5-20  grs.). 

Survjius  A^i  fitrici  (TJ.  8.  P.)  is  ordinary  syrup  to  which  oi._ 
of  citnc  aci^  and  spirit  of  lemon  have  been  added,  and  is  used  only  a 


Survjius  A^i  fitrid  (TJ.  8.  P.)  is  ordinary  syrup  to  which  one  per  cent,    .  J 
t  citnc  aci^  and  spirit  of  lemon  have  been  added,  and  is  used  only  as  ajavor,      J 
Citric  acid  and  the  citrates  when  added  to  drawn  blood  prevent  clotting  by 


combicing  with  the  calcium  In  a  practical^  non-dissociating  salt.  When 
administered  by  the  mouth  it  has  no  such  effect  on  the  circulating  blood,  and 
its  use  to  lessen  dot  formation  in  the  body  is  based  on  erroneous  observation. 

Citric  acid  is  used  to  form  lemonades  and  effervescent  draughts.  For  I 
lemonade  2—4  parts  of  citric  acid  may  be  dissolved  in  1,000  parts  of  water,  I 
some  sugar  and  a  f^w  drops  of  volatile  oil  being  added.  For  effervescent  I- 
solutions  about  8  parts  of  the  acid  may  be  prescribed  along  with  7  parts  of  / 
bicarbonate  of  soda,  with  directions  to  dissolve  the  two  powders  separately,  |  , 
mix  the  solutions  and  drink  while  effervescing.  In  large  quantities  this  mix- 1 
ture  acts  as  a  saline  cathartic;  in  smaller  quantities  it  may  be  used  to  increase  I 
the  alkalinity  of  the  blood,  and  to  render  the  urine  less  acid. 

Liime  juice  and  lemon  juice,  which  contain  considerable  Eunounts  of  free 
citric  acid,  are  generally  preferred  t^  the  pure  acid  for  lemonades  to  quench 
the  thirst.  Lime  juice  has  been  found  of  great  benefit  as  a  prophylactic  in 
the  treatment  of  scurvy,  but  this  is  not  due  to  the  citric  acid,  but  to  some 
unknown  prop^ty  of  the  fruit  juiees.  Citric  acid  has  been  used  in  rhemnadc 
affections,  without  any  marked  improvement  being  elicited,  according  to  the 

best  observers.  

'   ZZ.    OALOIUH. 

The  salts  of  lime  are  present  In  very  large  amount  in  the  tissues  of 
animals,  and  considerable  interest  attaches  to  their  absorption,  excre- 
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tion  and  general  action.  They  form  the  great^  "-nfifi  ftf  f *">  innygnnio 
ffon«tilii()T^ta  nf  ttiP  K^Tioa  an^  t?°*^  of  the  Teitebrates  and  of  the  shells 
of  tile  invertehratea.  In  addition  it  has  been  shown  of  receait  years 
that  they  are  present  to  a  considerable  amount  in  the  soft  tissues  and 
are,  in  fact,  esaentia]  to  maPT  forma  of  livin|a|  matter,  and  to  the 
activity  of  certain  fermente. 

I  Calcium  and  the  other  alkaline  earths  differ  from  the  alkalies  in 
possessing  comparatively  few  very  soluble  salts,  and  they  seldom  effect 
such  changes  in  the  physical  properties  of  the  fluids  of  the  body  as 
have  been  described  under  salt-action  and  chloride  of  sodium.  Even 
the  soluble  salts  penetrate  with  greater  difficulty  into  the  varions 
tissues  of  the  body,  which  seem  to  have  much  less  affinity  for  them 
than  for  the  salts  of  the  alkalies.  They  precipitate  colloids,  such  as 
\  the  proteins,  in  much  more  dilute  solutions  than  the  alkalies,  and  the 
\  precipitate  is  not  redisaolved  by  dilution  with  water. 

I  Action. — The  soluble  lime  salts  are  Absorbed  with  great  difficulty 
from  the  stomach  and  intestine  and  retard  considerably  the  absorption 
of  fluid.  They  would  presumably  have  a  cathartic  action  were  they 
not  thrown  out  of  solution  very  readily  by  the  alkaline  fluids.  In 
addition  calcium  forms  insoluble  salts  with  all  of  the  cathartic  acid 
ions,  so  that  no  such  double  effect  can  be  obtained  as  is  seen  from 
magnesium  sulphate.  (See  Saline  Cathartics,  page  538.)  The  great 
proportion  of  the  lime  taken  either  in  the  food  or  as  a  remedy,  unques- 
tionably leaves  the  body  in  the  stools  entirely  unabsorbed,  while  a 
small  quantity  of  it  is  taken  up  from  the  alimentary  canal  whether 
the  lime  be  administered  in  a  soluble  or  in  an  insoluble  form.  This 
small  quantity  circulates  in  the  blood,  probably  in  combination  with 
protpins.  and  is  slowly  excreted,  unless  there  is  a  deficiency  in  the 
supply  of  lime,  when  it  may  be  utilized  by  the  tissues.  When  la^er 
quantities  are  thrown  into  the  blood  by  intravenous  or  hypodermic 
injection,  the  calcium  of  the  blood  remains  abnormally  high  for  some 
time,  but  all  the  calcium  thus  injected  is  not  in  the  circulation 
throughout  its  stay  in  the  body.  Some  of  it  is  temporarily  deposited 
in  some  unknown  organ,  and  is  gradually  withdrawn  and  excreted 
after  the  first  excess  is  eliminated. 

The  lime  is  Ezcrotod  in  part  in  the  urine,  but  for  the  most  part 
through  the  epithelium  of  the  large  intestine.  The  administration  of 
calcium  increases  the  elimination  of  magnesium  in  the  urine,  and 
similarly  magnesium  absorbed  leads  to  a  larger  excretion  of  cal- 
cium in  the  urine,  while  that  in  the  fseces  may  be  diminished.  Abel 
and  Muirhead  have  shown  that  some  of  the  calcium  ingested  in  the 
form  of  the  hydrate  is  excreted  in  the  urine  as  calcium  carbamate 
(Ca(C02NHj)j)  and  probably  other  salts  may  be  eliminated  in  part 
at  any  rate  in  this  form.  The  carbamate  is  a  very  unstable  salt,  and 
breaks  up  in  the  urine,  freeing  carbonic  acid  and  ammonia,  while  the 
calcium  forms  the  carbonate  of  lime ;  the  urine  is  often  alkaline  there- 
fore and  smells  strongly  of  ammonia.  Calcium  lessens  the  phosphates 
of  the  urine,  and  therefore  its  acidity,  by  forming  insoluble  phos- 
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phates  in  the  bfrwel,  and  thus  preventing  the  absorption  of  the  phos- 
phates of  the  food.  The  small  quantity  of  calcium  absorbed  from  the 
alimentary  canal  has  no  very  obvious  effects;  coaaiijifltion  is  often 
induced  by  lime,  but  it  is  uncertain  whether  this  arises  from  action 
on  the  bowel  neuromuscul ar  apparatus,  or  is  the  result  of  the  insoluble 
caelum  salts  forming  a  ^otective  covering  over  the  epithelium  and 
thlif  IfefiJ^Hling  the. reflex  periSTfllBlS  t compare  tannin  group).  Except 
under  special  circumstances,  TUe  calcium  of  the  food  is  always  saffl-l 
cient  to  supply  the  needs  of  the  orgaQism,  so  that  lime  salts  given  aef 
remedies  have  after  absorption  no  specific  action  due  to  the  calcium,) 
but  owe  their  activity  to  the  anion  exclusively.  Thus,  calcium  bro-i 
mide  may  have  some  effect  if  absorbed,  but  this  effect  is  due  to  the 
bromide  ion,  and  would  be  the  same  if  an  equal  proportion  of  sodium 
bromide  were  taken  up  by  the  blood.  In  the  same  way  calcium 
hydrate  when  absorbed  owes  its  activity  to  its  alkalinity  (hydroxy! 
ion)  and  not  to  the  calcium,  and  apart  from  the  method  of  its  excre- 
tion, has  the  same  effect  in  the  tissues  as  an  equivalent  amount  of 
sodium  hydrate. 

"rlnH"  ""'"""Ti  ;i"Hg  jpipptijd  directly  iptn  thn  Miwl  TyuwlH  seem  to  be 
.  poisonous,  their  action  resembling  tiiat  of  digitalis  in  some  respects.  The; 
flrat  accelerate  and  strengthen  the  heart,  and  in  large  qaantitiea  bring  it  to  a 
fflMdBtilj^  and  also  have  a  marked  effect  in  contracting  the  vessels  when  per- 
tusea  inroi^b  them.  In  this  way  they  may  sometimes  diminish  the  diuresis 
and  glycosuria  in  animal  eiperiments.  Larf^  quantities  injected  intrave- 
npuflly  contract  the  pupil  to  pin-point  size,  apparently  I'roirt  aflUbh'on  the 
fibres  bt  tne  sphincter  muscle,  for  atropine  has  little  effect  on  the  myosis. 
Asphjrxia  causes  dilatation  after  calcium,  however,  in  the  same  way  as  in  inor- 
phuie  poisoning.  These  effects  are  absent  when  the  salts  are  taken  up  from 
the  bowel,  mainly  no  doubt  owing  to  their  slow  absorption,  partly  perhaps  to 
their  forming  albuminous  compounds  in  their  passage  into  the  tissues. 

Lime  Starvation. — Excess  of  calcium  in  the  organism  is  therefore 
little  to  be  apprehended  from  the  ordinary  methods  of  administration, 
and  lime  salts  are  spldnm  ]i(jpr|  i^i  tViPrap^.iiH..a  tn  .'nHiice  changpa  in 
tVift  f^rganJHTn  jiJjrniifh  thpir  pr^BBTice  in  excess  Jn  the  blood.  like  other 
remedies,  such  as  morphine  or  strychnine.  Another  queation  arises, 
however,  namely,  whether  the  organism  may  not  be  rendered  abnormal 
by  a  deficiency  in  the  supply  of  lime,  and  whether  this  deficiency  may 
be  remedied  by  the  administration  of  calcium  salts. 

The  effects  of  a  deficiency  of  lime  in  the  food  have  been  the  subject 
of  several  very  careful  investigations,  and  while  the  adult  animal  does 
not  seem  to  suffer  greatly  from  a  very  considerable  reduction  of  the 
calcium  of  the  food,  voung  growing  animals  have  at  the  hands  of  some! 
investigators  developed  marked  abnormalities,  resembling  closely  thosa 
observed  in  rickets  and  osteomalacia  in  the  human  subject.  In  lima 
starvation,  as  in  rickets,  there  is  a  lessened  deposit  of  lime  in  the 
bones,  which  retain  their  cartilaginous  consistency  and  show  other 
deviations  from  the  normal  condition ;  in  rickets  the  bonee  alone  are 
involved,  while  in  animals  deprived  of  calcium  the  soft  tissues  also 
show  a  lessened  content  of  lime  salts.    Deficiency  of  the  lime  in  the 
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I  food  naturally  affects  young  animals  more  than  adults,  because  the 
I  former  require  much  more  calcium  to  build  up  the  growing  skeleton. 
The  effects  of  the  withdrawal  of  lime  have  been  studied  in  some 
Isolated  Organs.  Thus  Ringer  compared  the  behavior  of  the  frog's 
heart  when  perfused  with  solutions  of  the  salts  of  the  alkalies  with 
that  of  one  perfused  with  the  same  solutions  to  which  minute  traces 
of  lime  were  added,  and  found  that  the  efficiency  of  the  heart  was 
much  increased  and  that  it  survived  very  much  longer  under  the  latter 
conditions;  Locke  has  recently  shown  that  a  similar  relation  exists 
between  the  mammalian  heart  and  the  inorganic  elements  of  serum. 
Lime  salts  exercise  a  similar  effect  in  voluntary  muscle,  which  sur- 
vives much  longer  when  perfused  with  salt  solution  containing  cal- 
cium than  when  sodium  diloride  solutions  alone  are  used.  Both  the 
heart  and  skeletal  muscle  eventually  cease  to  contract  on  electrical 
stimulation  when  perfused  with  physiological  salt  solution,  but  recover 
again  when  traces  of  lime  salts  are  added  to  it.  In  the  same  way,  the 
irritability  of  the  frog's  nerve  persists  much  longer  in  salt  solution 
containing  a  lime  salt  than  in  unmixed  salt  solution,  and  may  be 
restored  by  the  addition  of  lime,  when  it  has  disappeared  after  the 
prolonged  action  of  the  0.6  per  cent,  chloride  of  sodium  solution. 
Ciliated  epithelium  continues  to  wave  rhythmically  much  longer  in ' 
lime  solution  than  in  distilled  water,  in  which  it  swells  up  and  rapidly 
loses  its  activity.  This  probably  explains  the  observation  that  some 
fish  die  very  soon  in  distilled  water  but  survive  in  water  in  which 
traces  of  lime  are  present.  Lime  is  also  necessary  for  the  develop- 
ment of  various  ova ;  for  instance,  frog  spawn  kept  in  water  devoid  of 
lime  salts  fails  to  develop,  or  develops  abnormally. 

Lime  salts  are  also  indispensable  in  some  processes  which  are  not 
I  dependent  on  the  presence  of  living  cells.  Thus  rennet  does  not 
I  coagulate  milk  except  when  a  lime  salt  is  present,  and  the  Qoigiilation 
lof  the  Blood  may  be  prevented  by  precipitating  its  calcium  salts  in  the 
Iform  of  oxalates,  Hammersten  has  recently  shown  that  the  lime  salts 
'  'are  not  necessary  to  the  formation  of  fibrin,  for  this  occurs  in  oxalate 
solutions  if  fibrin-ferment  be  added  to  fibrint^en.     But  the  fibrin- 

I  ferment  is  not  formed  except  in  the  presence  of  calcium  salts,  and 
when  oxalates  are  added  to  the  blood  before  this  ferment  is  developed 
they  prevent  its  formation  and  hinder  clotting.  When  lime  salts  are 
added,  the  ferment  is  liberated  and  coagulation  occurs  at  once.     In 

I  other  words,  lime  is  not  necessary  for  the  activity  of  the  fibrin-ferment, 
but  for  its  development  from  the  prothrombin  or  zym(^n,  in  which 
it  exists  in  the  circulating  blood.  Lime  salts  taken  by  the  mouth  do 
not  accelerate  the  clotting  of  blood. 

Other  ferments  act  in  the  absence  of  available  lime  salts.  Thua 
pepsin  digests  when  instead  of  hydrochloric,  oxalic  acid  is  added  to  it, 
but  it  is  unknown  whether  pepsin  is  formed  from  pepsinogen  in  the 
absence  of  lime.  The  trypsinc^n  of  the  pancreas  may  be  changed 
to  trypsin  by  lime  salts. 

The  higher  organisms,  both  animals  and  plants,  have  thus  been 
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ebown  to  require  lime  for  some  of  their  functions,  and  it  is  probably 
necessary  for  many  others  in  which  its  importance  has  not  yet  been 
recognized.     The  lowest  forms  of  life,  however,  including  the  bacteria 
and  Bome  of  the  moulds,  seem  to  be  able  to  live  without  it.     In  order 
to  induce  the  effects  of  lime  starvation,  it  is  not  always  necessary  to 
withdraw  lime  from  the  food,  for  they  may  be  caused  by  the  presence 
of  any  substance  which  prevents  the  dissociation  of  the  calcium  ion. 
Thus,  oxalate  solutions  added  to  the  blood  or  milk,  or  to  the  nutrient 
fluid  for  perfusion  of  the  heart,  have  the  same  effects  as  the  with- 
drawal of  lime.     Food  containing  large  quantities  of  oxalate  salts  has  i 
in  some  cases  induced  symptoms  in  animals  resembling  those  of  lime  I  lL>  ku*<fi 
starvation,  and  it  seems  possible  that  someof  the  symptoms  of  fluoride!  jLu»4aA 
action  are  also  explicable  from  their  precipitating  the  lime  salts  of  I  mCb- 
the  food  and  of  the  blood. 

In  several  instances  a  curious  relationship  has  been  shown  to  exist  between 
the  calcium  and  potassium  eallB.  Tbus  when  a  frog's  heart  is  perfused  vith 
sodium  chloride  solution  containing  a  trace  of  calcium,  the  movements  are 
not  entirely  normal,  the  contraction  being  somewhat  prolonged  and  the  relaxa- 
tion much  retarded.  If  a  trace  of  potassium  chloride  ia  added,  however,  the 
contraction  becomes  normal  in  character.  On  the  other  hand  the  effect  of 
potassium  on  the  frog's  heart  is  antagonized  bj  the  addition  of  lime.  The 
same  holds  true  for  voluntary  muscle,  the  salts  of  calcium  tending  to  neutralize 
the  effects  of  potassium,  and  vice  versa,  and  in  several  other  relations  an 
antagoniam  has  been  observed  between  these  t'iTO'*fi8taIs.  Another  ma^ed 
__.__: ^_g  pgegnyy  tjggp  studied  by  Jleltzer,  who  shows  that  toxic  


titiee  of  magneaiinn  patj  hn  ivimplet^v  neutralized  by  calcium.  And,  as  the 
syiupUms  of  magnesium  poisoning  in  mammals  are  characteristic,  the  recov- 
ery of  BpimnlH  when  calcium  is  injected  is  very  striking;  magnesium  induceai 
narcosis  and  anEesthesia,  which  is  immediately  counteracted  by  calcium,  and! 
the  animal  assumes  its  normal  posture. 

Another  question  that  has  excited  much  interest  recently  is  the  relation 
between  sodium  and  calcium.  It  has  already  been  noted  that  the  frog's 
heart  perfused  with  sodium  chloride  solution  soon  ceases  to  beat,  but  can  he 
restored  by  the  addition  of  calcium  and  potassium  to  the  circulating  medium. 
The  ordinary  explanation  (Ringer,  Howell)  is  that  the  calcium  and  potassium 
are  necessary  to  the  activity  of  the  heart  and  that  when  pure  salt  solution  is 
perfused  these  elements  difluse  into  it  and  are  lost  from  the  heart  muscle; 
this  diffusion  is  prevented  if  calcium  and  potassium  be  contained  in  the 
solution,  and  the  heart,  retaining  the  salts  essential  to  its  activity,  continues 
to  beat.  Another  explanation  has  been  offered  by  Loeb,  who  supposes  that 
the  lime  and  potassium  are  not  directly  essentia,  but  that  they  neutralize 
the  poisonous  effects  of  sodium.  This  poisonous  action  of  sodium  has  not 
been  generally  recognized,  but  is  well  shown  by  the  behavior  of  a  small  fish 
(fnndulus)  living  in  salt,  water,  which  can  he  transferred  to  distilled  water 
without  injury,  thus  showing  that  neither  sodium  nor  calcium  is  necessary  in 
its  environment.  Bnt  if  it  be  put  in  sodinm  chloride  solution  of  the  same 
strength  as  sea  water,  it  dies,  so  that  sodium  is  poisonous  to  it  unless  when 
antagonized  by  the  other  constituents  of  sea  water;  the  essential  elements 
are  calcium  and  potassium,  for  when  these  are  added  to  the  injurious  sodium 
solution,  the  fish  lives  as  well  as  in  sea  water.  This  series  of  experiments  if 
eertainly  forms  a  strong  support  for  Loeh's  theory  that  calcium  is  not  directly  l| 
essential  to  rhythmic  movement,  but  only  neutralizes  the  effects  of  sodinm.  11 
On  the  other  hand>the  calcium  salts  themselves  are  poisonous  when  they  arel 
not  counterbalanced  by  sodium  and  potassium;  in  this,  as  in  many  other) 
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inBtances,  there  must  be  maintained  between  the  inorgsnic  constitaeatB  of  the 
sarrounding  flnid  an  equilibrium,  sneh  as  exists  in  sea  water  in  the  case  of  the 
fnndalus,  and  in  the  blood  plasma  in  the  case  of  the  heart  and  other  oi^&hb. 
The  salts  of  the  alkaline  earths  are  said  to  inhibit  the  hnmolytic  action  of 
oertain  serums,  while  those  of  the  alkalies  have  not  this  effect  when  applied  in 
the  same  concentration;  this  may  perhaps  be  connected  with  the  tendency  the 
f oimer  have  to  coagulate  proteins.  The  formation  of  protein  combinations  is 
apparently  the  explanation  of  the  disappearance  of  lime  salts  when  they  are 
perfused  through  organs  or  when  pieces  of  tissue  are  soaked  in  them.  Carti- 
lage seems  to  combine  more  readily  with  lime  than  the  other  tissues. 

Therepentlc  Daes. — CalciTim  salts  are  used  in  medicine  for  fl  number 
of  different  purposes;  thus  the  alkaline  preparations  may  be  pre- 
scribed to  IfiflRfin  thfl  ftcidtty  i>f  the  stoinflo.li,  and  tha  nyirlB  may  be 
employed  na  n  fgiiaiijiv  Hut  these  owe  their  use,  not  to  the  calcium 
ion,  but  to  the  other  part  of  the  molecule — the  anion.  As  a  matter 
of  fact,  calcium  has  few  important  effects  oiTla  ttWu  and  is  seldom 
prescribed  for  any  action  which  it  might  have  on  the  living  tissues. 
The  question  has  been  raised,  however,  whether  calcium  may  not  be 
given  therapeutically  to  supply  a  deficiency  of  lime  in  the  body.  The 
^  particular  conditions  which  have  been  treated  on  this  theory  are 
^eketa  and  osteomalacia,  in  both  of  which  there  is  unquestionably ^too 
hllle  lime 


ima  in  the  bonfjB.  and  the  treatment  has  been  thought  to  be 

rational,  because  symptoms  similar  to  those  of  rickets  have  been 
induced  in  young  animals  whose  food  contained  too  small  a  propor- 
tion of  lime.  In  the  case  of  rickets  and  osteomalacia,  however,  there 
is  no  reason  to  suppose  that  the  fopd'BlMeficient  in  calcium;  in  fact, 
children  are  said  to  be  more  liable  to  rickets  when  fed  on  cows'  milk 
than  when  nursed  by  the  mother,  although  the  milk  of  the  cow  con- 
tains more  lime.  On  the  other  hand,  patients  suffering  from  rickets 
absorb  lime  and  excrete  it  again  in  exactly  the  same  way  as  normal 
persons,  and  although  their  bones  contain  unusually  small  amounts  of 
lime,  the  other  tissues  contain  rather  more,  or,  at  any  rate,  not  less 
than  normal.  Kickets  is  not  due  to  a  lack  of  lime  in  the  food,  there- 
fore, nor  in  fact  in  the  tissues  generally,  but  to  some  abncffmal  con- 
dition which  prevents  the  lime  salts  from  being  deposited  in  the  bones, 
although  they  are  present  in  abundance  in  the  blood.  In  cases  of 
lime  starvation  similar  symptoms  may  appear,  but  here  the  cause  is 
the  want  of  lime,  which  is  not  presented  in  sufficient  quantities, 
although  the  bone-forming  cells  are  ready  to  deposit  it.  In  this  case 
the  other  tissues  are  also  deficient  in  calcium  as  well  as  the  bones. 
From  these  considerations  it  follows  that  lime  salts  are  not  likely  to 
be  of  benefit  in  rickets  (and  the  same  holds  true  for  osteomalacia), 
unless  when  it  is  duo  to  lime  starvation,  a  condition  which  is  unlikely 
to  arise  in  the  human  subject.  Experience  has  demonstrated  also 
that  the  lime  salts  are  quite  incapable  of  improving  either  osteo- 
malacia or  rickets. 

It  has  also  been  proposed  to  treat  with  lime  cases  in  which  the  blood 
seemed  less  capable  of  clotting  than  normally — particularly  hemo- 
philia, and  the  treatment  has  been  extended  to  aneurism,  luemoptysls 
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and  gastric  and  intestinal  hsemorrhage.  In  heemopbilia  there  is  no 
deficiency  of  lime  in  the  blood,  however,  and  still  lees  is  this  the  case 
in  aneurism  and  hfemoirhage.  And  the  administration  of  lime  by 
the  mouth  does  not  accelerfl'^p  "■•  *"  »"f  '"'PT  alter  the  clotting  of 
blootL.  iinaily  no  distinct  clinical  results  have  been  obtained  by 
careful  observers,  and  the  treatment  may  be  dismissed  as  MToneous. 
A  still  further  development  of  the  theory  has  led  to  the  use  of  calcium 
in  the  most  diverse  conditions,  in  which  it  was  suggested  that  the 
symptoms  arose  from  excessive  transudation  of  lymph  into  the  tissues ; 
and  the  clinical  results  are  equally  disappointing. 

MacCallum  has  recently  stated  that  in  dogs  from  whom  the  para- 1 
thyroid  glands  have  been  removed,  the  lime  content  of  the  brain  and\ 
blood  may  be  very  much  diminialied,  and  that  the  symptoms  of  tetany  | 
which  arise  after  the  operation  may  be  relieved  by  lime  salts  given  I 
intravenously  or  by  the  mouth.  A  few  cases  of  tetany  in  man  also  | 
improved  under  treatment  with  calcium  salts. 

Another  treatment  of  aneurism  and  hemorrhage  of  recent  introdaction  is  by 
O^tine,  administered  by  the  mouth  or  hypodenmcally  (100  o.c,  of  a  1-5  per 
cent.  Bolation).  This  is.  based  on  a  series  of  experiments  which  seemed  to 
indicate  that  the  coagulation  of  the  bloo4  is  hastened  by  gelatine,  bat  which 
have  not  been  confirmed  by  later  investigators.  AnenriBin  of  the  aorta, 
hnmoptysia,  gastric,  intestinal,  renal  and  uterine  bleeding  have  all  been  treated 
with  gelatine  with  no  benefit.  In  some  cases  gelatine  has  proved  the  channel 
of  infection  by  tetanna. 

Pbepaeationb. 
"CoW*  CKhriduin  (V.  S.  P.,  B-  P.)   (CaCl,),  a  white  salt  with  a  sharp,  - 

saline  taste,  very  deliqnescent  and  soluble  in  water,    0,3-1  G.  (5-15  gra.),         0-1— tri 

Calcium  chloride  is  the  salt  which  gives  the  leaat  complicated  calcimn 
action,  and  is  consequently  seldom  used,  becaase.  as  has  been  explained.  tEe 
calcinm  ion  is  o?  comparativelv  little  sei-virR  in  t.herapp.nt.icfl.  It  has  a  strong 
attraction  for  water  and  is  therefore  more  imtant  than  the  other  chlorides 
of  the  alkalies  and  alkaline  earths,  and  ought  to  be  prescribed  only  in  dilutn 
ap}ution.  It  is  absorbed  with  great  difficulty,  and  has  been  sug^pested  in  the 
treatment  of  some  forms  of  dyspepsia  and  in  htemorrhage.  Instead  of  the 
chloride,  the  lutgte  has  been  employed  in  the  same  doses. 

£ailt  (U,  S.  P.,  B.  P.)  (CaO)j  unslaked  lime,  is  a  corrosive  and  disin- 
fectant,  and  is  changed  at  once  to  the  hydrate  in  the  presence  of  water,  ii  +-^ 
differs  from  the  caustic  alkalies  in  the  insolubility  ol  its  nydrate,  SBlrti  there- 
fore fails  to  penetrate  deeply  and  does  not  spread  bo  widely  as  potassium  and 
Bodinm  hydrates.  It  is  seldom  employed  alone  as  a  corrosive,  but  niixed  with  | 
potassinm  hydrate  as  Vienna  paste  {Potassa  cum  Caice,  U.  S.  P.)  has  had  \ 
some  popnlarity. 

It  is  used  as  1^  ■^isipfw^ani:  »harn  lai^  quantities  of  oi^^anio  matter  have 
to  be  rendered  harmless,  as  in  epidemics,  on  battle  fields  and  in  the  dejeetious 
of  lai^  hospitals.  It  ought  to  be  mixed  with  the  matter  to  be  disinfected  as 
thoronghly  as  possible.  Lime  possesses  the  advantage  over  other  disnfectants 
of  being  cheap  and  easily  procurable  in  large  quantities. 

OobM  Bydraa  (B.  P.),  slaked  lime  (Ca(HO),),  may  also  be  used  as  a 
disinfeetant. 

VlTlfffi  '^""°  '""   S.  P.,  B.  P.),  lime  water,  is  a  saturated  solution  of 
calcium  hydrate  or  slaked  lime  and  conttuns  about  0J.5  G.  in  100  e.e.  ()  gr. 
in  1  oz.  B.  P.).    It  is  a  clear  fluid  with  a  saline  and  leebly  caustic  taste.      «* 
30-100  e.e.  (1-4  fl.  oz.). 
87 
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«''SrBDP08  CiLCiB  (U.  8.  P.),  Ligcoa  Calcis  SiccHAiUTOfl  (B.  p.),  syrup 
of  lime,  coDtaios  eateinm  hydrate  kept  in  solution  in  vater  iy  sngar,  wiQi 
which  it  18  probably  combined  chemically.  The  amonnt  of  lime  eont&ined 
I  -*t{^C  wi«  greatly,  bat  is  mneh  lu^r  than  in  lime  water.  The  B,  P.  preparation 
IB  aaid  to  contain  nearly  2  per  cent,  by  weight,  or  8  grs.  to  the  oz.  1—4  c^. 
(15-60  mina.). 

^  LnmfEKTTTif  CiLciB  (U.  8.  P.,  B.  P.),  lime  lioimenL  or  Carrop  pil,  con- 
taina  equal  parta  of  lime  lyater  npri  olive  or  linaeed  oil.  £uauA 
t  The  preparations  of  thn  mcicit*  &n^  hytjpitp^wpthpirHptTvify  chiefly 
1  to  their  alkalinity  and  not  to  the  calcium,  but  differ  from  th'e'hydrates 
I  'of  thft  alkaliea  in  their  insolubility  and  in  their  slow  absorption. 
Lime  water  and  the  syrup  are  slightly  eaustic,  more  especially  the 
latter  and  tend  to  tigrjtrgliTO  ttm  jrgat^  y-,i^o  They  have  an  astrin- 
gent effect  in  the  intestine  which  has  not  yet  been  explained,  but  is 
probabJy  due  to  their  forming  an  insoluble  compound  with  the  surface 
proteins,  in  the  same  way  as  tannic  acid,  or  to  their  being  deposited 
as  the  carbonate  or  phosphate  and  thus  protectingtbp  epithelium  from 
irritation.  Lime  water  is  used  in  some  ijyfipgptii'  niinfUfiftna  espe- 
cially -in  vooiitijjg.  It  is  oft^n  addtjd  to  milk  in  if^ffltf""^  :.T;«iiMrtn 
in  fli]'1flT-yTi  omi  in  typ}|"-iii  frTur  as  it  is  found  that  milk  thus  treated 
coagulates  in  finer  particles  than  when  given  alone,  and  is  better 
digested  and  less  liable  to  disturb  the  intestine.  Lime  water  or  syrap 
of  lime  is  also  used  as  an  intestinal  astringent  in  diarrhcea,  especially 
in  children.  As  an  antacid  in  the  stomach,  lime  is  inferior  to  ma^ 
neaia  and  other  alkalies,  because  it  tends  to  delay  the  evacuation  of 
the  contents.  Lime  water  has  been  used  in  rickets,  which  seems 
singularly  irrational,  for  cows'  milk  contains  a  somewhat  hi^er  per- 
centage of  lime.  It  has  also  been  sprayed  against  the  false  membrane 
of  diphtheria,  which  it  is  said  to  dissolve.  Lime  water  is  not  appK- 
t  cable  in  cases  of  acid  poisoning,  as  it  contains  much  too  little  of  the 
Ibase  to  be  serviceable,  but  the  syrup  may  be  used,  or  lime  shaken  np 
(with  water  (milk  of  lime).  The  treatment  wiUi  lime  is  specially 
Jindicated  in  cases  of  oxalate  poisoning. 

Lime  water  has  been  used  externally  as  a  protective,  mildly  astrin- 
gent application  to  ulcers,  and  the  Jjniejinimgnt  has  been  largely  used 
in  the  treatment  of  luups.  It  derives  its  name  of  Carron  oil  from 
having  been  used  for  this  purpose  in  the  iron  works  at  Carron. 
V  Calcii  Carhtmaa  pTtrcipitatwa  (U.  S.  P.,  B.  P.),  precipitated  chalk  (CaCO,). 
-Ufl       1-^G.  (15-flOgrs.). 

rCrela  Praparata   (U.  S.  P.,  B,  P.)i  prepared  chalk,  chalk  purified  by 
_  y  flv       washing  and  snapension  in  water  (CaCO,).     1-4  G.  (16-60  gra.), 

,  »  PcLviB  Cret^  CoMPOSima  (U.  S.  P.),  a  mixture  of  prepared  chalk,  sngar 

'  ^  and  acacia.    2  G.  (30  grs.). 

PoLVis  CaETa:  Aromatictis  (B.  P.),  aromatic  chalk  powder,  contains  chalk 
along  with  sugar  and  a  number  of  carminatives  belonging  to  the  group  of 
volatile  oils.     10-60  grs, 

PuLviB  Chet^  Aromatictis  Cum  Opio  (B.  P.)  is  a  mixture  of  39  parta 
of  the  aromatic  powder  with  one  of  opium,  and  therefore  contains  2)  per 
cent,  of  opium.     10-40  grs. 

•   Miarmu  Creo-^  (U.  8.  P.),  chalk  mixture,  is  chalk  suspended  in  water  by 
^  ^^  means  of  gums.    16  e.c.  (i  fl.  oz.). 
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The  preparations  of  the  carbonate  of  lime  are  uaed  aa  antacids,  in 
hyperacidity  of  the  stomach,  oepecially  when  this  is  combined  with 
a  tendency  to  diarijioea.  The  mixture  or  the  aromatic  powder  B.  P., 
ie  the  form  general^  used,  and  may  be  prescribed  with  opium  or  with 
other  astringents.     Chalk  has  also  been  used  in  ricketB. 

Externally,  prepared  chalk  is  used  aa  a  powder  to  protect  irritated 
parts  of  the  akin  and  occasionally  in  ulceration ;  it  is  the  chief  ingre- 
dient in  most  tooth  powders.  In  older  treatises  on  therapeutics  great 
virtues  are  ascribed  to  various  natural  objects  which  are  composed  for 
the  main  part  of  chalk  or  other  salts  of  lime,  and  among  whidi  burned 
bones,  coral,  coralline  and  cuttlefish  bone  may  be  mentioned. 

Calm  Phoaphaa  PrMipitatus  (U.  S.  P.),  Caicii  Pfu)sphaa  (B.  P.) 
(Ca,(PO.),),  a  white  insoluble  powder.     0.3-1  G.  (5-15  grs.). 

Sjfruptta  Caicii  Lactophosphalis  (U.  S.  P.,  B.  P.),  a  preparation  in  which 
a  soluble  double  salt  of  lime  is  cootained  in  solutiou.    4-S  c.c.  (1-2  fl.  drs.). 

A  glycerophosphate  of  calcium  has  also  been   advised  reeeutlj.     These 
phosphate  preparations  have  been   used  in  rickets  and  osteomalacia,  and 
in  phthisis  and  other  tubercular  diseases,  but  the  best  authorities  are  agreed  . 
that  lime  salts  are  of  no  value  in  rickets  and  osteomalacia  (see  page  576),  and  1 
experience  with  them  in  tubercular  conditions  is  not  more  encouraging.  ' 
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ZZL    BABIUU  AND  STBONTIUM. 

Bariom  is  the  most  poisonous  of  the  three  common  alkaline  earths,  bnt 
resembles  the  others  in  penetrating  with  difQculty  into  the  epithelium  of  the 
alimentary  canal,  and  is  therefore  absorbed  very  slowly.  It  has  a  charao- 
teristic  action  on  many  forms  of  muscular  tissue,  resembling  closely  that  of 
veratrine,  and  the  contraction  of  the  tio^B  muscle  under  barium  is  thns 
stronger  than  normally,  and  is  very  greatly  prolonged;  this  action  is  not 
opposed  by  curara  and  is  therefore  believed  to  be  exerted  on  the  contractile 
substance  directly.  The  frog's  heart  beats  more  strongly,  but  more  slowly 
from  a  dmilar  action  on  the  muscle  fibres,  and  the  walls  of  the  stomach  and 
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intestine  are  thrown  into  violent  contraction  from  the  action  of  the  metal  oa 
the  nnstriated  moscle  fibre.  There  is  some  question  as  to  whether  the  centnJ 
□arrouB  system  is  acted  on  in  the  frog,  but  in  the  mammal  barium  salts  injected 
intravenously  cause  violent  tonio  and  clonic  spasms,  from  their  stimulating; 
the  spinal  cord  and  medulla  oblongata.  The  action  on  the  alimentary  canal 
indnces  vomiting  and  purging  witb  very  active  peristalsis.  The  heart  is 
accelerated  and  the  blood-pressure  is  enormously  increased  at  first,  and  thai 
undergoes  slow  undulations  for  some  time.  The  increased  tension  may  be  due 
to  the  cardiac  action  in  part,  but  ia  chiefly  to  be  ascribed  to  a  very  marked 
contraction  of  the  muscular  walls  of  the  vessels.  The  frog's  heart  eventaally 
assumes  an  irregular  peristaltic  form  of  contraction  and  ceases  in  systole,  as 
in  digitalis  poisoning,  and  the  changes  in  the  mammalian  heart  also  resemble 
those  caused  by  this  series.  Barium  in  sufScient  quantities  finally  paralyzes 
the  central  nervous  system.  In  fatal  poisoning  is  animals  hBmorrhages  have 
been  found  in  the  stomach,  intestine,  kidney  and  other  organs. 

Barium  Is  quite  incapable  of  replacing  calcium  in  its  relations  to  living 
matter,  and  accordingly  chloride  of  sodium  solutions  to  which  bariom  chloride 
has  been  added  do  not  tend  to  keep  the  frog's  heart  active  as  do  those  contain- 
ing lime.  Some  authors  hold  that  barium  ean  replace  calcium  to  an  imperfect 
degree  in  the  coagulation  of  the  blood,  but  this  is  denied  by  others.  Potas~ 
slum  salts  tend  to  neutralize  the  effect  of  barium  on  the  heart  and  muscles,  the 
relation  resembling  that  which  they  bear  to  lime. 

Barium  is  absorbed  slowly  from  the  intestiue  and  is  found  to  be  stored  in 
the  bones  to  some  extent,  and  to  be  excreted  by  the  intestinal  epithelium,  only 
traces  appearing  in  the  urine. 

It  has  been  suggested  as  a  substitute  for  digitalis,  but  has  seldom  been  used 
in  practical  therapeutics.  In  veterinary  practice  it  is  often  employed  as  8 
purgative.  Crawford  states  that  the  loco-weed  poisoning  met  with  in  the 
western  states  is  due  to  the  cattle  feeding  on  plants  containing  barium. 

Stiontlnm  is  a  comparatively  inert  substance  even  when  injected  directly 
into  the  blood,  resembling  calcium  in  its  action  in  the  body  as  far  as  is  known, 
hut  being  even  less  poisonous.  It  contracts  the  muscles  somewhat,  tends  to 
lessen  the  dilatation  of  tlie  heart,  and  prolongs  the  contraction  of  muscle,  though 
only  to  a  slight  extent.  It  has  not  the  antagonistic  effects  to  magnesium 
which  are  possessed  by  calcium,  nor,  on  the  other  hand,  does  the  last  named 
prevent  the  symptoms  induced  by  large  quantities  of  strontium.  It  is  absorbed 
very  slowly  from  the  intestine  like  the  other  alkaline  earths,  and  is  deposited 
in  small  quantities  in  the  bones  of  growing  animals,  especially  when  there  is 
a  deficiency  of  lime  in  the  food ;  but  it  cannot  be  used  to  replace  the  calcium 
of  the  food,  animab  treated  thus  showing  the  symptoms  of  lime  starvation. 
It  is  excreted  in  small  quantities  by  the  urine,  but  mainly  by  the  bowel. 
Strontium  salts  have  been  used  to  a  limited  extent  in  therapeutics,  not  for 
the  effect  of  the  strontium  ion,  but  for  the  bromide,  iodide  or  salicylate  effects 
of  its  salts.  In  view  of  the  fact  that  the  strontium  salts  are  more  slowly 
absorbed  than  the  coresponding  ones  of  sodium  and  potassium,  there  would 
seem  to  be  good  grounds  for  abandoning  their  use. 

BlBLIOOaAPHT. 
See  also  Bibliography  of  Caldam,  PotaadQin,  Bubidiom  and  Cteaiiim. 
Boehm.     Arch.  f.  exp.  Path.  a.  Pbarm.,  iii.,  p.  216. 
Veumann.     Pfliiger'B  Arch.,  xxxvL,  p.  576. 
Brvnton.  and  Cash.    Phil.  TrooB.  of  Boy.  Soe.,  XSSJ,  i.,  p.  223. 
Crawford.     Bureau  of  Plant  Industry,  BuU.  12B,  Washiiigton,  1908. 
Meltzer,    Amer.  Jonm.  of  Phya.,  xzi.,  p.  440.     (Strontium.) 
Mendel  and  Thaoher.    Ibid.,  li.,  p.  5.     (Strontiam.) 
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XZn.     SULPHIDES  AJn>  SDLPSDB. 

Tlu  ordinary  sulphides  of  the  alkalies  are  of  little  importance  in 
themselves,  as  they  are  seldom  used  in  therapeutics.  The  effect  of 
hydroaulphuric  acid,  however,  apart  from  its  local  irritant  action,  isl 
dtTBTcTSie  sulphide  which  it  forms  in  the  blood,  and  the  study  of  thisl 
powerful  pgjsQp  therefore  involves  a  preliminary  examination  of  the| 
effects  of  the  sulphides.  Again,  sulphur  is  in  itself  inert,  but  is  * 
changed  to  sulphides  and  hydroaulphuric  acid  in  the  alimentary  canal,/ 
and  the  effects  induced  by  its  administration  are  due  to  these  bodiesj 
and  not  to  the  original  element. 

Action. — The  eulphides  are  very  weak  salts,  for  even  carbonic  acid  is . 
capable  of  liberating  hydrosulphurie  acid,  and  wherever  they  come  in  con- 1 
tact  with  it  in  quantity,  there  is  a  tendency  to  form  free  acid,  which  acts  as  >- 
a  powerful  local  irritant;  it  is  not  imposBible  that  the  sulphides  have  an 
irritant  effect  of  themselves  in  addition  to  that  of  the  hydrosulphurie  acid. 
The  Bulpbides  accordingly  act  as  irritantg  in  tha  ntunwi-Ti  and  bowel,  and  in  1 1 
the  latter  induce  increased  peristalsis  and  purgation.     When  injected  sub-      ' 
cutaneously  in  the  frog,  Boiium  sulphide  causes  a  narcotic  condition  from 
depression  of  the  central  nervous  system,  and  in  snffieient  quantities  weakens 
the  skeletal  muscle  and  the  heart,  which  continues  to  beat  after  complete 
paralysis  has  been  obtained,  but  eventually  ceases  in  diastole.     Hamack  has 
recently  shown  that  after  the  narcosis  has  lasted  for  some  time,  a  new  con- 
dition follows,  if  only  smaU  quantities  have  been  given,  and  especially  if  tbe 
frog  is  healthy  and  is  kept  cool.     This  consists  in  an  enormous  increase  in 
the  reflex  irritability,  which  induces  convulsions  resembling  those  of  strycfa- 
niue  poisoning  in  their  general  character,  but  differing  from  them  in  lasting 
continuously  for  weeks  or  even  months  at  a  time.     The  animal  lies  in  au 
extended  and  tense  condition  throughout,  and  passes  into  complete  opistho- 
tonos on  being  touched. 

Sulphides  injected  intravenously  in  mammals  induce  violent  convulsions,  | 
which  seem  to  be  of  cerebral  origin,  for  they  do  not  occur  in  the  hind  limbs  ' 
when  the  epiaal  cord  is  cut.  The  respiration  is  at  first  accelerated  and  later 
dyspnoeic  and  finally  ceases,  this,  along  with  the  paralysis  of  the  vasomotor 
centre,  being  the  cause  of  death.  The  heart  does  not  seem  to  be  seriously 
affected  except  indirectly  through  the  failure  of  the  respiration  and  the  fall  of 
the  blood-pressure. 

Sulphide  solutions  added  to  drawn  blood  reduce  the  oxyhtemoglobin  at 
once,  and  give  the  blood  a  dark  venous  color.  At  tbe  same  time  a  compound 
of  sulphide  and  hsamoglobin  is  formed,  the  chemistry  of  which  is  still  very 
obscure,  hut  which  wonid  seem  to  be  more  nearly  related  to  methtemoglohin 
than  to  htemoglobin.  It  is  known  as  sulpho-hiemoglobin  or  as  sulpho-methte- 
moglobin,  and  gives  the  blood  a  greenish  color  when  a  thin  layer  is  examined, 
while  a  thicker  layer  is  dark  r^-brown.  This  sulpbo-hemoglobin  possesses 
a  cbaracteriBtic  spectrum,  marked  by  a  dark  line  in  the  red  to  the  left  of  the 
D  line.  Larger  quantities  give  an  olive-green  color  to  the  blood,  and  the 
spectrum  of  sulpho-biemoglobin  disappears.  When  snlpbides  are  injected 
into  frogs,  and  more  especially  when  sulphuretted  hydrogen  is  inhaled,  the 
blood  gives  tbe  characteristic  spectrum  during  life,  but  this  does  not  seem 
to  be  the  case  in  mammals,  although  sulpho-hffimoglobin  is  formed  aoon  after 
death.  The  blood  changes  are  not  the  cause  of  death  in  poisoning,  as  was 
formerly  supposed,  but  the  direct  action  of  the  sulphides  on  the  central  ner- 
vous system. 

Sulphides  absorbed  into  the  blood  are  rapidly  oxidized,  and  are  excreted 
in  tbe  urine  in  the  form  of  sulpbateB  and  of  organic  sulphur  compounds  of 
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unknown  eoustitntion.  Small  qnaotitiea  escape  b;  the  InngB,  and  give  the 
breath  the  disagreeable  odor  of  anlphoratted  bydrc^n,  and  according  to  some 
anthorities,  some  is  excreted  in  this  form  in  the  petspiratian. 

The  Bolpbides  dissolve  the  homy  epidermis  and  hair  very  readily  when 
they  are  applied  to  the  skin.  If  the  application  is  continned,  some  irritation 
and  redness  is  produced. 

Hydroaulphnric  Add  (sulphuretted  hydrogen,  hydrogen  sulphide  (H^)) 
differs  from  the  sulphides  in  being  a  gas,  and  in  its  strong  irritant  properties, 
which  it  shares  with  other  acids  (see  page  562).  It  has  not  infrequently 
given  rise  to  poisoning,  as  it  is  formed  in  large  quantities  in  the  course  of  the 
putrefaction  of  sulphur  compounds,  such  as  proteins.  Sewer  gas  often  con- 
tains it  in  quantity,  and  workmen  employed  in  cleansing  sewers  or  cesspools 
have  often  suffered  from  its  effects.  When  inhaled  in  concentrated  form  it 
is  almost  immediately  fatal,  the  patient  losing  consciousness  at  once,  and  the 
respiration  ceasing  after  a  few  seconds.  In  smaller  quantities  it  causes  imme- 
diate nnconscionsuess,  lasting  for  several  hours  and  then  passing  into  fatal 
coma,  which  is  often  interrupted  by  violent  convulsions.  In  both  of  these 
forms  the  symptoms  are  due  to  the  direct  action  of  the  sulphides  on  the  brain 
and  medulla  oblongata.  Persons  exposed  to  a  very  dilute  vapor  of  solpbor- 
etted  hydrogen  suffer  from  local  irritation  of  the  eyes,  nose  and  throat,  indi- 
cated by  pain  and  congestion  of  the  conjunctiva,  sneezing,  dryness  and  sore- 
ness of  the  mouth  and  throat,  and  a  reflex  increase  in  the  secretion  of  tears, 
saliva  end  mucus.  Headache,  dulness,  giddiness  and  loss  of  energy  are  com- 
plained of;  the  symptoms  frequently  appear  only  some  time  after  the  expo- 
sure to  the  poison.  According  to  Lehmann,  death  in  animals  exposed  to 
these  dilute  fumes  is  due  in  part  to  cedema  of  the  lungs  caused  by  the  local 
irritant  action.  He  found  that  one  part  of  bydrosnlpharic  acid  in  5,000  of 
air  was  sufficient  to  induce  symptoms  in  man,  and  that  an  atmosphere  con- 
taining one  part  in  2,000  could  be  respired  for  only  a  short  time,  and  gave 
rise  to  alarming  symptoms;  be  snpposea  that  about  one  part  o(  hydroeul- 
pburic  acid  in  1,000  parts  of  air  is  sufficient  to  poison  man  fatally  in  a  very 
short  time. 

The  poisonous  effect  of  sulphuretted  hydrogen  is  due  in  part  to  its  local 
ifritant  action,  in  part  to  its  directly  affecting  the  central  nervous  system. 
The  changes  in  the  blood  occur  during  life  only  after  very  concentrated  gas 
is  inbaled,  although  they  may  indicate  the  poison  after  death  from  more 
dilute  vapor,  for  the  tissues  in  general  tend  to  assume  a  green  color  sooner  after 
hydrosulphuric  acid  poisoning  than  in  the  course  of  ordinary  putrefaction. 

Hydrogen  sulphide  is  destructive  to  most  forms  of  life,  even  when  present 
in  comparatively  small  amount.  Even  the  microbes  of  putrefaction,  whidi 
produce  it  themselves,  are  eventually  killed  by  this  gas,  unless  it  escapes  freely. 

Peeparatiohs. 

Potaaia  Svlpkurata  (B.  P.),  liver  of  sulphur  (Hepar  Solphuris],  is  a  mix- 
ture of  polysulphidos  and  thiosulphidee,  often  containing  solpbate  of  potas- 
sium. The  greater  part  is  formed  of  potassium  trisulphide  (K,S,)  and  of 
potassium  thiosulphate  (E,S,0,).  It  is  soluble  in  water  and  possesses  an 
unpleasant  saline  taste,  and  an  odor  of  hydrogen  sulphide,  which  is  formed 
by  its  decomposition  in  water. 

Calx  Salphurata  (U.  B.  P.,  B.  P.),  sulphurated  lime,  is  another  impure 
preparation  containing  at  least  60  per  cent,  of  calcium  monosulphide  (CaS) 
(50  per  ceut.  B.  P.),  with  some  calcium  sulphate  and  charcoal.  It  forms  a 
grayish  powder,  insoluble  in  water,  and  gives  off  hydrogen  salphide.  0.015- 
0.06  G.  (i-1  gr.). 

These  preparations  are  seldom  used  internally,  and,  in  fact,  the  sulphur- 
ated potassium  has  been  found  to  be  a  dangerous  poison,  from  the  hydrogen 
sulphide  given  off  by  it  in  the  bowel  acting  both  locally  and  after  absorption. 
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Sulphurated  potassijuii  is  used  to  a  very  limited  extent  as  ao  external 
application  in  certain  skLo^^iseaseB,  particularly  ia  acne,  and  to  destroy  akin 
parasitee,  such  as  that  oz^Bckbies.  It  is  used  as  an  ointment  (1  part  to  10 
parts),  and  is  somewhat  ini^ant. 

Sulphurated  lime  is  used  occasionaUy  to  remove  hair  and  homy  ezCTCB-  I 
eeuces,  both  of  which  it  renders  soft  and  gelatinous,  but  its  frequent  use  ia  | 
liable  to  cause  irritation. 

Uany  mineral  springs  contain  hydrogen  sulphide  in  small  amount,  and 
these  have  obtained  wide  celebrity  in  the  treatment  of  various  chronic  respira' 
tory  and  skin  diseases  and  in  syphilis,  gout,  rheumatism  and  chronic  metallic 
poisoning  (lead,  mercury).  Most  of  these  springs  are  hot,  and  it  is  open  to 
question  whether  the  small  amount  of  the  gas  contained  in  the  water  is  of 
any  efficacy,  and  whether  the  heat  of  the  water  and  the  hygienic  conditions  are 
not  the  true  cause  of  the  improvement  observed  in  these  cases.  Sulphur  baths 
are  also  formed  artificially  by  the  addition  of  sulphurated  potassium  (2-8 
oz.)  to  an  ordinary  hot  bath;  a  small  quantity  of  acid  is  sometimes  added,  in 
order  to  free  the  hydrogen  sulphide  more  rapidly. 

Snlplmr  is  in  itself  an  inert  body,  but  while  much  the  greater  po^i 
tion  escapes  in  the  stools  unchanged  when  it  is  siwallowed,  some  of  it  I 
fft-rrnn  flulptii'/lpa  In  the  mucouB  membrane  of  the  intestine,  and  these  I 
cause  irritatien.  increased  peristalsis  and  mild  purgation;  in  large/ 
quantities  it  has  caused,  in  some  instances,  more  severe  symptoms 
with  bloody  evacuations.     The  sulphides  form  some  hydrogen  sul- 
phide, which  gives  rise  to  eructation.     Some   10-20  per  cent,   of  I 
the  sulphur  taken  by  the  mouth  is  absorbed  aa  sulphide,  which  is  I 
eicretedtoa  small  extent  by  the  lunp^s.  giving  the  characteristic  die-  I 
pgrpPHhla  piWnT  tff  lb"  trp"*^^.  ""'^  t/^^iT)||fli  Inrgpr  c-rtoTi|  by  the  urJue  I 
as  Bulphatfiq  and  i"  nrgnni'n  prnnhinntinn.     In  oue  experiment,  ir'resch 
found  the  urea  of  the  urine  considerably  increased  (10  per  cent.) 
under  sulphur,  and  Umbach  found  it  increased  by  pure  calcium  sul- 
phide; whether,  as  this  would  suggest,  the  sulphides  augment  the 
nitrogenous  waste  as  a  general  rule,  can  only  be  determined  by  further 
experiment. 

Applied  to  the  ^n  in  ointment,  sulphur  appears  to  be  formed  in 
part  to  sulphide,  particularly  if  some  alkali  be  added. 

Frepabatiohs. 

^phta.  jftiMimntttTti  (XJ,  S.  P.,  B.  P.),  Flowers  of  Sulphur,  sublimed 
sulphur. 

Sttlphm-l'Otum  (TT.  S.  P.),  washed  Flowers  of  Sulphur,  is  prepared  by 
washing  the  sublimed  sulphur  with  water  and  ammonia.     These   prepara-     q   0] 
tiona  form  fine  yellow  powdere  insoluble  in  water  and  very  slightly  soluble  in 
alcohoL.  4  G.  (60  grs.)  in  powder  or  sometimes  in  tablfits: 
"■"•^pAwr  Prtecipitatum  (U.  S.  P.,  B.  P.) ,  Milk  of  Sulphur,  is  prepared  from 
sulplHllU  uf  lUtulum-by  precipitation  and  forms  a  fine,  almost  white  powder    i  _c(  g 
without  odor  or  taste,  in^luble  in  water,  and  only  very  slightly  soluble  in 
a^ol.    1-4  G.  (15-60  gnj.  ^ 

(TWuaUuffi  Sulphitas  (U.  8.  P.,  B.  P.],  formed  from  sublimed  sulphur, 
wbichis  also  contained  in  the  Compound  Liquorice  Powder. 

Trochiacua  Sutphitrie  (B.  P.)  contains  5  grs.  of  sulphur. 

Cemfectio  Stdphuris  (B.  P.),  60-120  grs. 

Crude  sublimed  sulphur  often  contains  arsenic  and  other  impurities,  and  | 
ought  not  to  be  used  in  therapeutics.  The  milk  of  sulphur  is  in  a  finer  state  1 
of  division  than  the  flowers,  and  is  said  to  be  a  somewhat  more  active  aperient.  ^ 
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Sulphur  is  lued  as  an  aperient  powder,  and  may  be  added  to  rhn- 

i  barb  or  magnesia  for  this  purpose ;  it  causes  a  soft,  formed  stool,  and 

I  seldom  induces  more  than  one  evacuation.    It  is  prescribed  for  chil- 

I  dren,  and  in  cases  of  hiemorrhoidB,  in  which  it  is  often  very  beneficial, 

I  not  owing  to  any  speciSc  effect  on  the  htemorrhoids,  but  becaose  it 

I  renders  the  stool  softer  and  less  liable  to  cause  irritation  mechanically. 

Sulphur  has  been  advised  in  a  variety  of  constitutional  diseases  and 

in  chlorosis,  skin  and  joint  aSectious,  but  it  is  impossible  to  state  at 

present  whether  it  has  any  effect  in  these  apart  from  its  improving 

the  condition  of  the  intestine. 

Sulphur  ointment  has  been  used  in  some  skin  diseases,  particularly 
in  scabies,  but  has  been  supplanted  to  a  lar^  extent  by  tl^  balsam  of 
Peru.    It  has  been  applied  in  powder  to  diphtheritic  membranes. 

BiBLiooBAFHT  of  Sulphidcs  and  Sulphur. 
Kmtfmann  u.  Eotenthal.    A.t6h.  1.  Anat.  n.  PhTS.,  1865,  p.  «59. 
Lewm.    Ybehow'a  Areb.,  Ixziv.,  p.  2S0. 
LeJimawt.    Arch.  f.  Hygiene,  xiv.,  p.  135. 
PotU.     Arcb.  f.  ezp.  Fatb.  n.  Fbarm.,  zzii.,  p.  1. 
Eamaek.    Ibid.,  ixriv.,  p.  156.    Ztschr.  f.  phjs.  Chem.,  zxtL,  p.  556. 
Segerubwger,    Ztscbr.  f.  Biol.,  xii.,  p.  479. 
Freieh,    Virchow's  Arcb.,  cxuc.,  p.  148. 
Usehimky,     ZU.  t,  phjB.  Chem.,  xvii.,  p.  220. 
Binet.    Trav.  des  Lab.  de  Tber.  ezp.  de  Oeneve,  ii.,  p.  242. 
Umboeh.     Arch.  f.  eip.  Path,  u,  Pharm.,  nl,  p.  166. 
Meyer.     Ibid,,  ili.,  p,  325. 

Eeffter.  Beitr.  i.  chem,  Phya.  u.  Path.,  v,,  p,  218.  Areh.  t.  eip.  Path.  n. 
Pbariii.,  li.,  p.  175. 

XXTTT     OHAEOOAL. 

Charcoal,  like  spongy  platinum  and  other  porous  bodies,  possesses  the 
property  of  accamulatiiig  gases  in  its  interstices  and  thus  ordinarily  contains 
considerable  quantities  of  oxygen.  When  brought  into  contact  with  decom- 
posing matter, 'the  oxygen  is  released  and  hastens  the  oxidation  of  the  putre- 
fying mass,  while  the  gases  arising  from  the  bacterial  action  are  absorbed  by 
the  charcoal,  which  thus  acts  as  a  deodorant.  It  has  no  direct  action  on  the 
microbes  of  putrefaction,  but  may  by  introducing  oxygen  favor  the  develop- 
ment of  the  aerobic  oi^anisms  at  the  expense  of  the  anaerobic.  Besides  gases, 
charcoal  also  absorbs  many  colloid  bodies,  such  as  the  coloring  matter  of 
plants  and  proteins. 

Animal  charcoal  appears  to  possess  no  advantages  over  wood  charcoal,  and 
they  both  act  when  moist  almost  as  efBciently  as  in  the  dry  state. 

Charcoal  has  no  appreciable  effect  on  the  economy,  apart  from  its  lessening 
the  eructations  of  gas  and  the  flatulence  in  some  cases.  It  passes  throng 
the  stomach  and  intestine  uuabsorbed,  and  may  in  rare  cases  cause  some 
mecbanica]  irritation  and  increased  movement.  Charcoal  given  in  a  state  of 
suspension  to  animals  is  said  to  have  been  found  in  the  epithelial  cells  of  the 
intestine  and  even  in  the  blood  vessels,  but  does  not  have  any  effect  attribu- 
table to  its  absorption  in  man.    {Wild.    Med.  Chronicle,  1S96.) 

Pbefabationb. 
Carbo  Antmalis  (U.  S.  P.),  animal  charcoal,  bone-black,  prepared  from 
bone. 
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Carbo  Attmalis  Purijleattu  (U.  S.  P.)  is  prepared  by  boiling  bone-black 
vith  hydrochloric  acid  in  order  to  remore  the  lime  and  other  impurities. 

Carbo  Ligni  (TI.  S.  P.,  B.  P.). — Charcoal  prepared  from  soft  wood  and 
finely  powdered. 

Charcoal  is  used  internally  to  remove  the  gases  in  Satalence  and  dyspepsia, 
and  is  prescribed  in  powder  or  in  the  form  of  charcoal  lozenges.  It  may  b6 
given  in  any  quantity,  but  is  most  commonly  prescribed  in  4-8  Q.  (60-120 
grs.)  doses.  It  is  employed  externally  as  a  deodorant  in  cases  of  foul  ulcers, 
eancerouB  sores,  or  malodorous  secretions  from  any  source;  for  this  purpose 
it  is  added  to  poultices  or  used  dry  in  bags  of  fine  cloth. 

ZZZV.    BO&AOIG  AOID  AKD  BOBAZ. 

Boracic  or  boric  acid  (B(0H)8)  is  a  very  weak  acid,  and  it  ia 
doubtful  whether  the  hydrogen  ions  or  acidity  play  any  part  in  its 
action,  or  whether  the  whole  is  not  to  be  referred  to  the  rest  of  the 
molecule.  The  ordinary  sodium  compound,  borax,  KagB^OT,  is 
stated  by  some  authors  to  he  equally  active,  but  is  alkaline  in  reaction, 
so  that  the  exact  relative  importance  of  the  two  ions  of  boric  acid 
cannot  be  determined. 

Action. — Boracic  acid  and  borax  are  tmly  feebly  toxic,  but  large 
quantities  taken  by  the  mouth  cause  gastric  and  intestinal  irritation, 
as  is  evidenced  by  vomiting  and  purging,  and  even  smaller  amounts 
are  said  to  act  as  mild  aperients  in  some  cases.  Not  infrequently 
repeated  small  doses  of  boric  acid  have  induced  albuminuria,  espe- 
cially in  persons  predisposed  to  it.  Moderate  doses  are  without  effect 
on  the  metabolism,  but  larger  quantities  (5-10  G.  per  day  in  dogs) 
increase  the  nitK^en  excretion  in  the  urine.  A  dose  of  30-60  grs.  of 
boric  acid  is  found  to  increase  the  bulk  of  the  fieoes  in  man  by 
retarding  the  absorption  of  the  proteins  and  fats.^  Both  borax  and 
boracic  acid  are  rapidly  absorbed  by  the  bowel,  and  do  not  affect  the 
intestinal  putrefaction. 

Boracic  acid  has  been  widely  used  as  an  antiseptic  dressing,  and  a 
number  of  cases  of  serious  poisoning  have  been  recorded  from  its  ab- 
sorption. The  symptoms  arose  in  part  from  the  alimentary  canal, 
uneasiness  in  the  abdomen,  vomiting,  diarrhcea,  dryness  of  the  throat 
and  difficulty  in  swallowing;  sleeplessness,  great  muscular  weakness 
and  depression,  dimness  of  sight  and  headache  were  also  complained 
of,  and  in  severe  cases  collapse  and  death  followed.  The  prolonged 
use  of  boracic  acid,  internally  or  externally,  has  repeatedly  led  to 
falling  of  the  hair,  eczema  and  psoriasis.  Papular  eruptions  and 
local  cedemas  and  swelling  of  the  akin  appear,  and  a  gray  line  on  the 
gums,  similar  to  that  seen  in  lead  poisoning,  is  stated  to  occur  along 
with  irritation  of  the  mouth.  These  skin  affections  appear  also  when 
borax  is  used  in  large  quantities  as  an  antiseptic  dressing. 

Boracic  acid  and  borax  are  excreted  in  the  urine,  iu  which  they 
appear  within  a  few  minutes  after  ingestion ;  over  half  the  quantity 

*  The  body  weight  often  falls  under  borax  treatment,  and  this  has  been  attributed 
to  augmented  fat  destmetion  b^  Boat  and  Bnbner,  who  otata  that  a  corresponding 
Inerease  in  the  carbonic  acid  ebinination  accompanies  it. 
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taken  Ib  excreted  within  12  hours,  but  afterward  the  eliminaticm 
proceeds  more  slowlj,  bo  that  traces  ma;  be  found  in  the  urine  ior 
fi  days  or  more.  It  is  sometimes  stated  that  the  urine  ia  increased  b; 
borax,  but  this  is  not  borne  out  by  experiment,  and  Chittenden  and 
Gies  found  it  actually  diminished  in  amount;  the  reaction  heconiea 
alkaline  after  sufficient  amounts  of  borax,  as  after  any  other  alkaline 
preparation.  Boracic  acid  and  borax  have  some  antiseptic  power,  for 
in  2^  per  cent,  solution  almost  all  forms  of  bacilli  stop  growing;  bnt 
thej  are  not  destroyed,  even  the  delicate  anthrax  bacilli  being  foim^d 
capable  of  further  growth  after  exposure  to  a  4  per  cent,  solution  for 
24  boure.  Boracic  acid  ia  therefore  valueless  as  a  disinfectant,  bat 
has  been  used  as  an  antiseptic  dressing;  it  has  the  advantage  over 
many  other  antiseptics  of  inducing  very  little  irritation  and  of  being 
only  slightly  poisonous,  but  experience  has  shown  that  it  cannot  be 
used  with  impunity  in  very  large  quantities. 

PK£FAKATI0Tt8. 

Addum  Borieum  (TT.  S.  P.,  B.  P.),  Boric  or  Boracic  Acid  (H^O,),  colore 
less  crystals,  with  a  faintly  bitter  taste,  soluble  to  about  fonr  per  oent  in 
water,  more  bo  in  alcohol  and  glycerin.     0.3-1  0.  (5-15  gn.). 

Glifeeritum  Boroglycerini  (U.  S.  P.),  Glycerinum  Acidi  Borici  (B.  P.). 
Boroglycerin  is  a  compound  formed  by  beating  boric  acid  in  glycerin,  and 
the  official  glyceritum  or  glycerinum  contains  this  dissolved  in  glycerin,  about 
31  parts  of  boric  acid  being  ueed  to  form  100  parts. 

Liquor  Antigeptieut  (U.  S.  P.)i  containing  2  per  cent,  of  boric  acid,  along 
with  benzoic  acid,  thymol,  eucalyptol  and  oils  of  peppennint,  wintergreen  and 
thyme. 

Unguentum  Acidi  Bond  (B.  P.,  U.  S.  P.),  10  per  cent.' 

Sodii  Bonu  (U.  S.  P.),  Borax  (B.  P.),  Borax  (Na^^O,  +  10H,O)  forms 
colorless  crystals  with  a  sweetish  alkaline  taste.  It  is  soluble  in  water  (16 
part«)  to  which  it  gives  an  alkaline  reaction.     0.3-1.3  0.  (5-20  grs.}. 

Glycerinum  Boraci*  (B,  P.)  (1  in  6). 

itelBorada  (B.  P.). 

Boracic  acid  has  been  used  as  a  surgical  antiseptic  in  solution 
(four  per  cent.),  ointment,  or  lint,  and  the  sdution  of  the  acid  or  of 
borax  is  also  used  as  a  wash  in  aphthte  and  other  forms  of  irritation  of 
the  mouth.  Boracic  acid  solution  has  been  given  internally  in  dilute 
watery  solution  as  a  genito-urinary  disinfectant,  has  also  been  injected 
into  tiie  bladder,  and  is  frequently  used  in  ophthalmic  sui^ry,  as 
being  less  irritant  to  the  eye  than  the  more  powerful  antiseptics.  In 
internal  medicine  the  acid  and  the  salt  have  been  used  in  epilepsy, 
and  also  in  the  hope  of  dissolving  uric  acid  calculi,  but  have  not  been 
shown  to  be  efficient  for  either  purpose.  Boracic  acid  and  borax  are 
sometimes  added  to  milk  or  other  food  as  preservatives,  and  it  has 
been  much  discussed  whether  the  habitual  use  of  such  preserved  foods 
is  likely  to  prove  deleterious  to  the  health.  The  general  result  of  the 
investigations  is  that,  while  no  preservative  should  be  added  t»  food 
unless  it  is  absolutely  unavoidable,  boric  acid  is  leas  liable  to  derange 
the  health  than  most  other  preservatives.  Foods  preserved  with 
boracic  acid  should  not  be  used  by  delicate  individuals  or  by  cbil- 
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dren,  however,  and  the  quantity  of  the  acid  used  must  be  strictlj 
limited. 
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XXV.    OABBOniO  AOID. 

Carbonic  acid  ia  contained  in  considerable  quantity  in  many  thera- 
peutic preparations,  notably  in  the  efFerrescent  caUiartice  and  ant- 
acids, and  also  in  many  beverages,  such  as  soda  water,  potash  water, 
champagne  and  other  sparkling  wines.  In  some  of  these  it  is  formed 
by  the  action  of  an  acid  such  aa  citric  or  tartaric  acid  on  carbonates, 
in  others  it  ia  liberated  in  the  course  of  fermentation,  while  in  the 
artificial  aerated  waters  it  is  forced  into  solution  under  high  pressure. 
The  last  are  therefore  simple  aolutiona  of  carbonic  acid,  while  in  the 
others  more  powerful  agencies — cathartic  aalts  or  alcohol — are  con- 
tained in  addition. 

Carbonic  acid  has  a  weak  irritating  action  when  applied  in  quan- 
tity; thus  in  baths  charged  with  carbonic  acid,  a  slight  reddening  of 
the  skin  has  been  observed,  and  some  irritation  and  prickling  of 
denuded  surfaces  is  produced ;  a  stream  of  carbonic  acid  directed 
against  a  wound  or  bum  causes  considerable  heat  and  pain.  Pure 
carbonic  acid  gas  causes  spasm  of  the  glottis  when  inhaled,  and  even 
when  it  is  much  diluted,  some  irritation  in  the  respiratory  pasaagea 
may  follow  at  first.  Solutions  of  carbonic  acid  induce  reddening  of 
the  mucous  membrane  of  the  month  and  stomach,  and  are  very  rapidly 
absorbed,  owing  to  the  congestion  and  increased  blood  flow  in  the 
stomach  wall  which  follows  their  administration.  Much  of  the  car- 
bonic acid  is  thrown  up  by  eructation,  but  some  of  it  is  absorbed  and 
is  excreted  by  the  lungs.  The  absorbed  acid  has  no  effect  on  the 
organism,  but  the  slight  irritation  of  the  stomach  may  cause  increased 
appetite  and  a  feeling  of  well-being.  The  rapid  absorption  of  the 
water  in  which  it  is  dissolved  is  followed  by  an  augmented  secretion 
of  urine,  and  the  carbonic  acid  waters  are  therefore  used  in  preference 
to  ordinary  waters  where  a  rapid  flushing  of  the  tissues  and  a  pro- 
fuse secretion  of  urine  is  desired.  In  addition,  the  slight  irritation 
of  the  mouth  and  st^tmach  renders  them  more  acceptable  than  ordi- 
nary waters  in  fever  and  in  other  diseases  accompanied  by  intense 
thirst;  a  mixture  of  milk  and  aerated  water  is  often  very  gratefuL 
The  presence  of  carbonic  acid  in  the  sparkling  wines  leads  to  the 
rapid  absorption  of  the  alcohol  also,  and  this  action  on  the  stomach 
may  explain  their  being  more  exhilarating  than  other  wines  contain- 
ing an  equal  amount  of  alcohol.    The  slight  irritant  effect  of  carbonic 
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acid  in  the  Btomach  has  proved  of  benefit  in  some  fonns  of  gastric 
catarrh,  such  as  that  following  alcoholic  excese.  Carbonic  acid  waters 
are  also  useful  in  the  vomiting  of  pregnancy  and  in  seaaicknesa. 

The  prolonged  application  of  carbonic  acid  to  the  mucous  mem- 
branes leads  to  local  aiuestbeeia,  and  numbing  of  the  skin  is  also 
stated  to  occur  under  similar  treatment 

Carbonic  acid  is  absorbed  from  aU  the  mucous  membranes,  from 
the  skin  and  from  the  lungs.  The  gas  has  no  effect  after  absorption 
except  when  inhaled,  however,  as  when  absorbed  in  any  other  way  it 
is  at  once  excreted  by  the  lungs,  and  the  amount  absorbed  never  alters 
appreciably  the  normal  percentage  of  carbonic  acid  in  the  blood. 

WhcD  carbonic  acid  is  inhaled  unmixed  with  oxygen,  it  induces  asphyxia, 
partly  from  a  epeciflc  action  which  it  exerts  on  the  central  nervous  system, 
but  chiefly  from  the  absence  of  oxygen.  Its  effects  are,  therefore,  very 
similar  to  those  of  any  indifferent  gss,  such  as  hydrogen  or  nitrogen,  and 
the  ^ymptoms  are  those  of  ordinary  asphyxia.  When,  however,  caibonie 
acid  is  inhaled  mixed  with  a  sufficient  amount  of  oxygen,  the  specific  effects 
of  the  gas  are  observed  without  any  asphyxia.  The  symptoms  are  those 
of  transient  stimulation  and  subsequent  depression  of  the  central  nervous 
system  and  heart.  The  first  stage  is  marked  by  a  very  short  period  of  psy- 
chical exaltation,  with  deep  respirations,  a  slight  rise  in  the  blood-pressure 
and  B.  moderately  slow  pulse.  Very  soon,  however,  unconsciousness,  loss  of 
the  spontaneous  movements,  and  later  of  the  spinal  reflexes  follow,  the  respi- 
ration becomes  somewhat  slower  and  shallower,  the  pulse  continues  slow  and 
the  heart  is  weaker.  If  the  inhalation  be  continued  the  respiration  fails, 
the  heart  continuing  to  beat  for  a  short  time,  though  weakly.  The  symptoms 
of  the  first  stage  seem  to  be  due  to  a  direct  stimulant  action  on  the  cerebrum 
and  on  the  vagns,  vasomotor  and  respiratory  centres,  while  the  second  stage 
resembles  that  induced  by  the  ordinary  anesthetics,  and  is  evidently  caused 
by  depression  of  the  central  nervous  system  and  of  the  heart  muscle.  In 
fact  a  mixture  of  carbonic  acid  and  air  has  been  used  as  an  anesthetic  in  one 
or  two  surgical  operations.  Death  from  carbonic  acid  poisoning  is  not  pre- 
ceded by  convulsions,  those  observed  in  ordinary  asphyxia  being  due  to  the 
absence  of  oxygen,  and  not  to  the  excess  of  carbonic  acid ;  it  is  still  undecided 
by  which  of  these  factors  the  increased  peristalsis  seen  in  suffocation  is  caused. 
In  well  diluted  vapor  the  symptoms  of  exaltation  alone  are  observed,  no 
anesthesia  following.  A  mixture  of  5  per  cent,  carbonic  acid  in  air  causes 
acceleration  and  deepening  of  the  respiration  without  further  changes. 

Carbonic  acid  in  excess  acts  as  a  poison  to  other  organs  besides  the  central 
nervous  system  and  the  heart,  although  this  effect  is  not  seen  in  mammals. 
Frog's  muscle  loses  its  irritability  rapidly,  the  ciliated  epithelium  ceases  move- 
ment and  the  motor  nerves,  after  a  short  period  of  increased  excitability,  are 
paralyzed  by  exposure  to  an  atmosphere  of  carbonic  acid.  The  blood  assumes 
the  venous  color  when  shaken  with  the  gas,  and  prolonged  contact  produces 
acid  biematin,  as  does  any  other  acid.  It  is  a  general  poison  to  the  protoplasm 
in  mammals,  apart  from  the  effects  on  the  central  nervous  system,  for  the  com- 
bustion in  the  tissues  is  lessened  to  an  extraordinary  degree,  as  is  evidenced  by 
the  very  small  amount  of  oxygen  absorbed. 

Carbonic  acid  is  the  natural  stimulus  of  the  respiratory  centre,  and  it 
has  been  suggested  that  some  forms  of  dyspncea  might  be  treated  by  the 
inhalation  of  carbonic  acid  diluted  with  air;  tJie  carbonic  acid  absorbed  from 
the  Inngs  would  then  strengthen  the  action  of  that  already  present  in  the 
blood  on  the  fla^ng  centre. 

Mineral  waters  containing  latge  quantities  of  carbonic  acid  in  solution  are 
often  recommended  as  baths  in  various  chronic  diseases,  such  as  rheumatism. 
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ZZVI     CHLORINE  AND  BBOUnTE. 

Chlorine  and  bromine  resemble  each  other  closely  in  the  effects 
which  they  induce  in  all  forma  of  living  matter.  These  may  be  ex- 
plained in  part  by  their  replacing  hydrogen  in  ita  combinations  in  the 
proteins  and  forming  hydrochloric  or  hydrobromic  acid  with  the 
hydrogen  set  free,  in  part  by  their  combining  with  the  hydrt^en  of 
water  and  thus  liberating  nascent  oxygen,  which  then  acts  on  the 
tissues.  These  processes  are  believed  to  account  for  the  fact  that 
chlorine  is  a  much  more  powerful  disinfectant  in  moist  air  than  in 
dry.  In  the  higher  organisms  all  of  these  reactions  probably  occur 
together. 

Action. — Chlorine  and  bromine  are  general  protoplasm  poisons; 
thus  3  parts  of  chlorine  in  1,000  parts  of  moist  air  are  sufficient  to 
destroy  the  spores  of  most  bacteria  in  the  course  of  three  hours,  and 
the  infusoria  and  the  higher  plants  have  been  shown  to  be  equally 
susceptible  to  the  influence  of  the  gas.  Even  smaller  quantities  of 
bromine  are  disinfectant. 

In  the  higher  animals  and  in  man  chlorine  and  bromine  act  as 
irritants.  Thus  chlorine  water  (a  saturated  solution  of  chlorine  in 
water)  induces  irritation  and  redness  of  the  skin,  and  even  blistering, 
when  the  gas  is  prevented  from  escaping.  Bromine  also  causes  very 
painful  blistering,  the  fumes  penetrating  more  deeply  into  the  tissues 
than  the  non-volatile  irritants,  and  causing  more  widespread  irrita- 
tion. Bromine  or  chlorine  water,  when  swallowed,  elicits  intense 
inflammation  and  corrosion  of  the  mouth,  throat,  and  stomach,  with 
collapse  and  all  the  ordinary  effects  of  gastric  irritation.  Air  con- 
taining even  a  very  small  proportion  of  chlorine  irritates  the  eyes, 
nose,  larynx  and  ihs  deeper  respiratory  passages,  the  bronchi  and 
lungs  seeming  more  susceptible  than  the  reet  of  the  tract,  for  bron- 
chitis, pulmonary  congestion  and  hsemorrhages,  coughing  and  pain  in 
the  thorax  are  induced  by  quantities  that  cause  little  or  no  irritation 
of  the  mouth  and  nose.  Lehmann  found  that  one  volume  of  chlorine 
or  bromine  vapor  in  one  million  parts  of  air  causes  some  irritation, 
but  no  serious  results,  but  that  ten  volumes  in  the  same  amount  of 
air  inhaled  for  some  time,  cause  haemorrhage  and  inflammation  of  the 
lunge,  severe  bronchitis  and  other  similar  effects.  After  fatal  poison- 
ing from  t^  inhalation  of  bromine,  he  observed  marked  irritation  of 
the  gastric  mucous  membrane,  while  this  symptom  was  absent  after 
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chlorine.  Another  point  in  which  bromine  differs  from  chlorine  is  in 
its  powerful  action  (Ht  the  hair,  which  is  rendered  soft  and  gelatinous^ 
and  eventually  removed  entirely  by  exposure  for  some  time  to  the 
vapor. 

These  symptoms  of  eUorine  and  bromine  poisoning  are  caused  b;  their 
local  action  only;  thej  are  changed  to  hydrochloric  and  hydrobromic  acids, 
and  these  again  to  chlorides  and  bromides  in  the  course  of  absorption.  Atten- 
tion has  been  drawn  to  a  nmnber  of  cases  in  which  symptoms  arose  in  work- 
men in  chemical  factories  where  chlorine  is  liberated  by  electrolysis,  or  mor« 
rarely  in  others  where  hydrochloric  acid  is  formed  in  lai^  quantities.  The 
most  marked  symptom  is  an  affection  of  the  sebaceous  glands,  from  which  the 
condition  receives  its  name  of  chlorine  acne,  but  this  often  induces  headache, 
sleeplessness,  loss  of  appetite  and  anramia.  No  satisfactory  explanation  of 
the  symptoms  has  been  given,  nor  is  it  known  whether  the  chlorine  or  some 
tmknown  body  is  the  cause  (Lehmann,  Jacquet). 

PBBPAIIA.TIOS8. 

Liqvor  Cklori  Compoaitvi  (U.  S.  P.),  chlorine  water,  contains  at  least  4 
parts  of  the  gas  in  1,000  parts  of  water.  It  is  a  clear,  greenish  liquid  witli 
the  suffocating  odor  of  chlorine  and  is  liable  to  form  hydrochloric  acid,  espe- 
cially when  exposed  to  the  air  and  sunlight.  It  oo^t  therefore  to  be  fre^y 
prepared  when  the  full  strength  is  required. 

Calx  Chlorinata  (U.  S.  P.,  B.  P.),  chlorinated  lime,  bleaching  powder, 
sometimes  erroneously  called  chloride  of  lime,  is  a  compound  formed  by  the 
action  of  chlorine  on  lime.  It  consists  of  a  mixture  of  calcium  hypochlorite 
(Ca(ClO),),  calcium  chloride  (CaCl,),  lime  and  water.  The  hypochlorite  is 
vei?  unstable  and  gives  off  chlorine  in  air,  and  especially  in  the  presence  of 
an  acid.  Strong  acids  also  free  the  hydrochloric  acid  of  the  chloride,  and 
this  is  decomposed  by  the  hypochlorite  into  chlorine  and  water.  Chlorinated 
lime  forms  a  white  or  grayish-white  powder,  with  the  odor  of  chlorine.  It 
is  only  partially  soluble  in  water  and  must  contain  not  less  than  30  per  cent, 
of  available  chlorine,  TJ.  S.  P.;  33  per  cent.  B.  P. 

lAqnor  Ccdeis  Chlorinate  (B.  P.). — The  solution  should  yield  aboat  3  par 
cent,  of  chlorine. 

Liquor  Sodie  Chlorinata  (TJ.  S.  P.,  B.  P.),  solution  of  chlorinated  soda, 
Labanraque's  solation  or  Javelle's  solution,  is  formed  from  chlorinated  lime 
and  contains  hypochlorite  of  soda  (NaClO)  and  chloride  of  soda.  Like  the 
corresponding  lime  salts,  it  has  the  odor  of  chlorine  and  bleaches  vegetable 
colors.    It  must  contain  at  least  2.4  per  cent,  by  weight  of  available  chlorine. 

Chlorine  was  formerly  used  internally  in  infectious  disease,  but 
this  has  been  entirely  abandoned,  since  it  has  been  rec<^ized  that  it 
is  much  more  poiaonous  to  the  higher  animals  than  to  the  micro- 
organisms. The  inhalation  of  chlorine  in  phthisis  has  also  fallen 
into  disuse  for  the  same  reason.  Chlorine  water  and  the  solution  of 
chlorinated  soda  are  still  occasionally  used  as  antiseptic,  deodorant 
solutions  in  the  treatment  of  foul  sores,  and,  more  rarely,  to  disinfect 
the  hands  before  operation;  both  preparations  are  very  irritant, 
however.  Chlorine  wat^r  much  diluted  has  been  used  as  a  gargle,  as 
a  vaginal  injection  and  for  other  similar  purposes. 

The  chlorine  preparations  are  chiefly  used  to  disinfect  fsces, 
urinals  and  to  a  less  extent  rooms  and  houses;  for  this  purpose 
chlorinated  lime  is  the  most  suitable,  especially  when  acid  is  added 
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to  it  in  excess.  The  room  ought  to  be  hennetically  sealed,  and  the 
fumes  are  of  no  value  as  diainfectants  unless  they  are  present  in  such 
quantity  as  to  render  the  air  quite  irrespirable.  They  have  the  dis- 
advantage that  they  bleach  most  of  the  colore  used  in  dyeing,  and  fail 
to  penetrate  in  sufficient  quantity  into  the  clothing,  ■which  they  also 
corrode  to  some  extent.  Chlorinated  lime  exposed  in  the  siok-roOTn 
merely  serves  as  a  deodorant,  and  has  no  disinfectant  value,  but  has 
the  disadvantage  of  giving  a  false  feeling  of  security  like  other  simi- 
lar measures.  Chlorine  seems  inferior  to  sulphurous  acid  anhydride, 
and  still  more  so  to  formalin  as  a  disinfectant,  not  from  its  being 
weaker  in  action,  but  because  it  is  more  difficult  to  apply  in  sufficient 
quantity.  Chlorinated  Hme  can,  however,  be  applied  in  urinals  and 
closets,  where  both  these  disinfectants  are  unavailable.  Here  it  acts 
again  as  a  deodorant,  while  its  disinfectant  value  is  smaller. 

In  Poisoning  with  chlorine  taken  by  the  mouth,  alkalies  are  advised 
with  the  view  of  neutralizing  the  acid  formed,  and  narcotics  may  be 
necessary  for  the  pain.  In  cases  of  poisoning  by  inhalation,  steam 
may  be  inhaled  to  lessen  the  irritation,  and  ammonia  has  been  ad- 
vised, but  is  itself  irritant.  In  corrosion  of  the  skin  with  bromine, 
one  half  per  cait.  carbolic  acid  has  been  applied  with  success,  it  is 
said,  the  bromine  being  precipitated  as  bromphenol.  Vapor  of 
carbolic  acid  has  also  been  inhaled  in  bromine  irritaticm  of  the  nose 
and  throat. 
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XXVn.    OZTOEN. 

Ever  since  the  discovcTy  of  the  relation  of  0X7gen  to  the  reBpiration, 
attempts  have  been  made  to  use  it  in  therapeutics,  by  inhaling  the  gas  pure 
or  mtsed  witb  air,  or  by  spending  a  certain  time  each  day  in  chambers  of 
compressed  air.  It  was  expected  that  by  theae  means  a  larger  amount  of 
oxygen  would  be  absorbed,  and  a  more  active  combustion  in  the  tissues  would 
be  induced.  The  absorption  of  oxygen  by  the  lungs  does  not  depend  on  the 
partial  pressure  of  the  oxygen,  however,  but  on  its  affinity  for  the  reduced 
luBmoglobiu  of  the  corpuscles.  It  is  true  that  the  oxygen  dissolved  in  the 
plasma  is  increased  by  a  great  rise  in  the  barometric  pressure,  or  by  inhaling 
pure  oxygen,  but  this  dissolved  oxygen  is  trifling  in  amount  compared  wi^ 
that  in  combination  with  the  hnmoglobin.  Under  ordinary  conditions,  then, 
the  air  is  sufficient  to  oxidize  almost  all  the  reduced  hnmoglobin  passing 
through  the  lunge,  and  oxyg^en  lessens  but  slightly  the  small  proportion  that 
escapes  by  the  pulmonary  veins  nnozidized.  As  far  as  the  tissues  are  con- 
cerned, the  oxidation  is  of  course  the  same  whether  the  oxyhnmoglobin  carried 
to  them  by  the  blood  was  formed  in  a  pure  atmosphere  of  oxygen  or  in  air, 
of  which  it  comprises  only  about  20  per  cent.  The  slight  increase  in  the 
oxyhnmoglobin  of  the  blood  has  no  appreciable  effect,  as  more  oxygen  is 
offered  to  the  tissnes  normally  than  they  can  assimilate.  It  is  therefore  incon- 
ceivable that  the  very  slight  increase  in  the  quantity  of  oxygen  in  tha  blood  can 
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have  any  effect  on  the  oxidation  in  the  tisanes  under  ordinary  conditions.  But 
if  the  gas  be  inhaled  under  high  preaaore  the  augmented  tenmon  in  the  blood 
may  induce  eome  symptoms,  and  this  is,  according  to  Smith,  the  explanation 
of  a  tendency  to  tetanic  convulsions  irhich  he  found  developed  in  animals 
under  these  circumstances;  hilarity  and  some  other  nervous  effects  are  said 
to  have  been  induced  in  man  ia  some  instancee,  and  these  may  also  be  inter- 
preted as  the  results  of  the  high  oxygen  tension  in  the  blood,  if  they  were  not 
the  products  of  fancy  and  suggestion.  Oxygen  inhalation  is  therefore  inca* 
pable  of  increasing  the  oxidation  in  the  tissues,  or  in  fact  of  modifying  in 
any  way  the  metabolism,  and  experience  has  ebown  it  to  be  valneleas  in  snch 
constitutional  diseases  as  diabetes  and  gout,  in  which,  moreover,  it  has  been 
demonstrated  that  there  is  no  deficiency  in  the  0Z3'gen  of  the  blood. 

The  further  question  arises  whether  oxygen  inhalation  is  likely  to  be  of 
benefit  in  the  cyanosis  due  to  severe  cardiac  or  pulmonary  disease.  Improve- 
ment is  sometimes  observed  clinically,  the  skin  losing  its  dark  color,  and  the 
respiration  and  heart  becoming  less  rapid  and  labored  as  soon  as  the  inhalft- 
tion  is  commenced,  and  alarming  symptoms  returning  when  it  is  stopped. 
This  may  be  explained  by  the  larger  amount  of  oxygen  dissolved  in  the 
plasma;  when  air  is  breathed,  the  plasma  contains  only  about  0.6  per  cent, 
of  oxygen  in  simple  solution,  but  when  oxygen  is  inhaled  the  percenta^ 
may  rise  to  3  per  cent,  and  this  may  reinforce  the  oiygen  carried  by  the 
hffimoglobin.  In  cases  in  vhich  only  a  small  quantity  of  blood  is  passed 
through  the  lungs  owing  to  circulatory  disorder  or  where  the  aerating  surface 
of  the  lungs  is  diminished  by  exudation,  this  small  supplementary  supply  of 
oxygen  may  be  of  importance.  Again  the  air  actually  inspired  does  not  pass 
directly  into  the  alveoli,  but  diffuses  from  the  wider  air  passages  into  the 
narrower  ones  and  then  reaches  the  absorbent  surfaces.  Pure  oxygen  diffuses 
more  rapidly  and  in  larger  quantity  into  the  alveoli  than  when  it  is  mixed 
with  nitrogen,  and  it  is  therefore  conceivable  that  when  the  movement  of 
the  air  in  the  air  passages  is  insufficient,  oxygen  may  give  relief  by  diffusing 
in  latger  quantity  into  the  alveoli.  Insufficient  movement  of  the  air  cnmnts 
may  be  due  to  obstruction  of  the  respiratory  tract,  as  in  asthma  or  severe 
bronchitis,  or  to  slow  and  shallow  breathing  from  depression  of  the  centre. 
Accordingly,  the  inhalation  of  oxygen  is  said  to  be  followed  by  relief  in 
some  cases  of  asthma  and  bronchitis,  and  it  has  been  recommended  in  narcotic 
poisoning. 

When  the  hromoglobin  of  the  blood  is  so  altered  as  to  be  incapable  of 
transporting  oxygen  to  the  tissues,  as  in  eases  of  poisoning  with  carbon  mon- 
oxide, nitrites,  chlorates,  nitrobenzol,  etc,  oxygen  inhalation  is  indicated,  for 
it  has  been  shown  by  Haldane  and  others  that  the  plasma  dissolves  enongli 
oxygen  to  maintain  life  when  that  supplied  by  the  blood  corpuscles  is  insuffi- 
cient. The  inhalation  has  to  be  continued  until  the  symptoms  of  deficient 
aeration  have  disappeared. 

Many  microbes  are  killed  or  at  any  rate  much  retarded  in  their  growth 
when  freely  exposed  to  the  air,  and  attempts  have  been  made  to  treat  pul- 
monary phthisis  by  oxygen  inhalation.  The  results  have  been  less  disastrous 
than  those  of  some  of  the  other  treatments  by  inhalation,  but  no  distinct 
benefit  has  accrued,  and  in  some  cases  htemoptyeis  has  been  induced  by  it 
from  some  unexplained  cause.  Smith  has  recently  found  that  the  inhalation 
of  oxygen  nnder  some  pressure  causes  irritation,  congestion  and  consolidation 
of  the  lungs  in  mice  and  birds. 

Oxygen  is  inhaled  through  a  mask  connected  with  a  large  container  which 
is  filled  from  a  tank  of  the  compressed  gas.  Yery  often  the  oxygen  may  be 
diluted  with  air  and  for  this  purpose  a  small  opening  ma;  be  made  in  the 
mask. 

Oxonfl,  or  active  oxygen  (0,),  is  a  much  more  powerful  oxidizing  body  than 
ordinary  oxygen,  but  is  more  easily  reduced  than  peroxide  of  hydrogen.    It 
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has  a  curious  phosphorous  odor  and  is  somewhat  irritant  to  the  respiratory 
membrBDes,  but  it  is  almost  always  accompanied  by  nitn^n  oxides,  and 
some  of  the  properties  which  have  been  ascribed  to  ozone  may  be  due  to 
these  impurities.  It  is  rapidly  decomposed  by  living  matter,  and  it  seems 
very  improbable  that  it  can  be  absorbed  into  the  blood;  yet  Binz  and  Schulz 
believe  that  ozone  induces  narcosis  in  dogs,  rabbits  and  kittens;  it  does  not 
seem  dsngerous  to  inhale  it  in  dilution.  Ozone  injures  most  enzymes  and 
the  fermentation  of  yeast  is  hindered,  but  the  lactic  fermentation  does  not 
seem  to  be  affected  and  some  others  are  merely  delayed.  Ozone  applied  to 
the  seeds  or  leaves  of  the  hig'her  plants  also  delays  their  development  and 
injures  them. 

Ozone  has  undoubtedly  disinfectant  properties,  but  these  are  only  apparent 
when  air  contains  13.5  mg.  or  more  per  litre.  Even  this  disinfects  only  the 
air  itself  and  the  surfaces  of  objects,  as  the  ozone  loses  its  oxidizing  proper- 
ties whenever  it  comes  in  contact  with  organic  matter  and  therefore  fails  to 
penetrate.  It  has  recently  been  advocated  to  disinfect  drinking  water,  but  iB 
efScient  only  in  fairly  pure  waters,  as  any  organic  matter  is  oxidized  and  thus 
absorbs  the  ozone  and  the  microbes  escape.  For  this  reason  it  cannot  be 
used  to  sterilize  milk  or  food. 

Ozone  inhalation  has  been  recommended  in  the  hope  of  increaaing  tbe 
oxidation  of  the  tissues,  and  as  an  antiseptic  in  pulmonary  phthisis,  but  its 
irritant  properties  preclude  its  use  here,  and  it  has  been  generally  discarded. 
It  was  supposed  to  be  formed  in  turpentine  oil  on  standing,  and  old  turpen- 
tine oil  was  therefore  recommended  in  cases  of  phosphorus  poisoning,  with 
the  hope  that  it  would  tend  to  oxidize  the  phosphorus  and  render  it  hairnless. 
Recent  investigations  show,  however,  that  no  ozone  is  formed  in  turpentine 
oil,  and  there  is  no  reason  to  suppose  that  the  treatment  is  of  benefit. 

Uany  so-ealled  solutions  of  ozone  contain  only  small  percentages  of  hydro- 
gen peroxide  and  no  ozone  proper,  as,  though  the  latter  is  soluble  In  water,  it 
decomposes  very  rapidly,  only  traces  of  it  being  found  in  the  solution  after 
10-15  days.     It  breaks  up  into  oxygen,  and  does  not  form  hydrc^en  peroxide. 

Tbe  ozone  of  the  air  bas  been  appealed  to,  in  order  to  explain  and  adver- 
tise the  beneQts  induced  by  many  watering  places  and  forest  resorts,  but  it 
has  never  been  satisfactorily  proved  that  the  air  in  these  localities  contains 
more  ozone  than  in  other  less  favored  places.  The  curative  agency  is  gen- 
erally tbe  change  of  scene  and  interests  and  tbe  dietary. 
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XXVnL    PEROXIDE  OF  ETDBOOEN. 

Hydrogen  peroxide  or  dioxide  (HjOj)  tends  to  break  down  into 
water  and  oxyjien  very  rapidly  in  the  presence  of  many  substances, 
which  in  themselves  may  be  eiUier  oxidizing  or  reducing.  Among  tbe 
bodies  which  induce  this  decompoeitiim  are  the  peroxidase  ferments, 
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which  are  found  in  all  forma  of  living  m&tter,  and  the  peroxide  of 
hydrogen  is  therefore  decomposed  when  brought  in  contact  with  the 
tissues;  the  oxygen  thus  liberated  tends  to  oxidize  its  surroundiiigs 
and  its  chief  effects  are  therefore  due  to  its  oxidizing  properties.  It 
is  generally  met  with  in  dilute  solution  in  water,  and  in  this  form 
alone  is  used  in  medicine.  Brought  in  contact  with  the  skin,  peroxide 
of  hydr<^;en  solution  is  decomposed,  and  numerous  hubbies  of  oxygen 
ar^  formed,^  but  this  decomposition  proceeds  much  more  rapidly  whoi 
it  is  applied  to  denuded  surfaces  or  to  mucous  membranes.  The 
oxygen  is  formed  in  such  quantity  that  some  irritation  may  foUow, 
and  thus  dogs  often  vomit  when  it  is  administered  in  quantity  by  the 
mouth.  When  it  is  injected  subcutaneously,  a  large  amount  of  oxygen 
is  formed  in  the  subcutaneous  tissues,  but  some  of  the  peroxide 
escapes  decomposition  and  is  absorbed  into  the  blood.  Here  the  de- 
composition proceeds  more  violently,  the  red  blood  cells  having  a 
strong  catalytic  action,  and  the  oxygen  set  free  may  cause  emboli  and 
lead  to  sudden  death.  The  formation  of  emboli  is  seen  most  fre- 
quently in  the  rabbit,  but  was  in  all  probability  the  cause  of  death  in 
one  case  of  fatal  poisoning  in  man,  in  which  a  solution  of  hydrogen 
peroxide  had  been  used  to  wash  out  the  pleural  cavity.^  Emboli  are 
not  formed  in  the  dog  on  hypodermic  injection,  nor  in  either  dog^  or 
rabbits  poisoned  by  the  stomach — in  the  latter  case  probably  because 
the  liquid  is  more  slowly  absorbed  and  is  almost  entirely  decomposed 
in  the  mucous  membrane.  Even  in  the  blood  and  tissnee  the  whole 
of  the  peroxide  is  not  decomposed,  for  several  observers  have  found 
traces  of  it  excreted  in  the  urine. 

Injected  intravenously  in  cither  doga  or  rabbits  the  peroxide  is 
rapidly  decomposed  in  the  blood,  and  forms  emboli  which  prove 
immediately  fatal  by  stopping  the  circulation  through  the  lungs,  heart 
and  brain. 

The  catalytic  decomposition  of  the  peroxide  occurs  also  in  excised 
organs  and  in  drawn  blood  as  long  as  the  ferment  is  not  destroyed. 
The  different  organs  vary  considerably  in  their  catalytic  power,  the 
red  blood  cells  and  the  liver  cells  being  the  most  active. 

The  catalysis  of  hydrog«i  peroxide  occurs  in  the  lower  forms  of 
life  as  well  as  in  the  higher.  Thus  germinating  seeds,  yeasts,  infnsoria 
and  the  microbes  all  free  oxygen  from  the  solution,  and  in  fact,  a 
rough  estimate. of  the  number  of  microbes  in  water  may  be  formed 
from  the  amount  of  oxygen  given  off  by  it  on  the  addition  of  ti»e  per- 
oxide (Qottatein).  This  decomposition  is  fatal  to  most  of  these  lower 
forms,  presumably  from  the  nascent  oxygen,  and  peroxide  of  hydrogen 
is  therefore  a  powerful  disinfectant,  a  three  per  cent,  solution  proving 
as  strongly  bactericidal  as  a  one  per  mille  solution  of  corrosive  subli- 
mate ;  but  when  the  microbes  are  contained  in  a  medium  with  much 
organic  substance,  as  in  wounds,  the  bactericidal  action  is  very  much 

*  A  eoneentrated  iolntion  is  s&id  to  eorrode  the  eUn,  leaviiig  a  white  eeehar. 

*  In  MveraJ  other  iuataneea  hemiplegia  baa  been  obaerv^,  apparently  from 
embolism  of  the  eerebral  arteriea. 


aglc 


FEBOZIDB  OF  HTDBOGEir.  596 

reduced.  Thia  appears  to  be  due  to  the  too  rapid  decompoeition  of  the 
peroxide,  which  escapes  as  bubbles  of  oxygen,  comparatively  little 
oxidation  taking  place.  This  may  be  exemplified  by  its  action  on  the 
blood ;  when  normal  blood  in  a  test-tube  is  treated  with  peroxide,  it 
froths  up  and  the  oxygen  escapee,  leaving  the  blood  unaltered.  If, 
however,  some  hydrocyanic  acid  has  been  added  to  the  blood  sometime 
previously  so  as  to  weaken  the  ferment,  there  is  little  or  no  effervea- 
oence  and  the  luemoglobin  is  changed  to  metluemoglobin  by  the  per- 
oxide remaining  and  freeing  its  oxygen  more  slowly. 

In  recent  years,  attention  has  been  drawn  to  other  bodies  analogous 
to  hydri^n  peroxide,  some  of  which  possess  powerful  microbicidal 
properties.  The  peroxide  is  represented  by  the  structural  formula 
H— O — O — ^H  and  one  of  the  hydrt^ns  may  be  replaced  by  benzoyl 
or  acetyl,  forming  CgHsCO— O— OH  {b«izo-peraeid)  or  CH,CO 
— OOH  (aceto-peracid).  These  have  been  shown  to  he  much  more 
powerful  germicides  than  hydrogen  peroxide,  while  they  give  off 
oxygen  lees  readily;  in  fact  they  are  comparable  only  to  corrosive 
sublimate  in  their  destructive  effect  on  microorganisms  and  even  sur- 
pass it  in  favorable  conditions.  The  slow  evolution  of  oxygen  by 
these  bodies  explains  their  action  being  more  powerful  than  that  of 
hydrogen  peroxide.  The  peracids  are  prepared  with  difficulty  and 
are  very  unstable  bodies,  so  that  it  is  unlikely  that  they  will  prove 
of  value  in  practical  medicine.  But  they  are  formed  when  the 
aqueous  solutions  of  some  more  readily  available  substances  are 
allowed  to  stand  for  some  time.  In  these,  both  the  hydrogen  atoms  of 
hydrogen  peroxide  are  replaced  by  organic  radicles,  forming  organic: 
peroxides  such  as  diacetyl  peroxide  (CHjCO — 0 — O — COCHj) 
and  benzoyl-acetyl-peroxide  (CgHjCO— O— 0— COCHj).  On  dia- 
solving  these  in  water,  the  peracids  are  formed  and  the  solutions  are 
very  powerful  disinfectants,  which  have  been  suggested  for  suigical 
use  and  also  as  intestinal  disinfectants ;  practical  clinical  experience 
alone  can  decide  whether  they  possess  that  value  which  the  results  in 
the  laboratory  seem  to  indicate. 

PfiapAHATlONS. 

Apia  Hydrogenii  Dioxidi  (U.  S.  P.),  Liquor  Eydrogenii  Peroxidi  (B.  P.), 
solution  of  hydrogen  dioxide  or  peroxide,  contains  about  3  per  cent,  by  weight 
of  the  pure  dioxide.  Each  volume  of  this  solution  is  capable  of  setting  free 
9-11  volumes  of  oxygen  when  completely  decomposed.  Some  acid  is  added 
to  the  peroxide  solution  in  order  to  retard  its  decomposition,  but  it  gradually 
changes  when  kept,  so  that  only  freshly  prepared  solatioiis  are  of  faU 
strength.  The  solution  is  colorless  and  odorless,  but  has  an  add  taste  from 
the  added  acid,  and  the  oxygen  freed  in  the  moutb  gives  a  curious  sensation 
and  forms  a  froth. 

Therapevtlc  TTses. — Hydrogen  dioxide  is  used  locally  as  a  disinfect- 
ant solution  in  suppuration,  diphtheria  and  urethral  infection.  In 
pus  cavities  the  oxygen  is  freed  with  great  rapidity,  and  the  pus- 
corpuscles  are  said  to  be  disintegrated.    The  catalysis  is  due  in  part 
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to  these  corpuscles,  in  part  to  the  microbes,  and  the  extent  of  the  sup- 
puration may  be  estimated  from  the  amoont  of  effervescence.  Per- 
oxide solutions  differ  from  most  other  disinfectants  in  the  short  dura- 
tion of  the  action,  which  passes  off  as  soon  as  all  the  oxygen  is  liber- 
ated. In  addition  to  its  microbicidal  action  proper,  this  agent  loosens 
and  destroys  masses  of  infected  material  by  the  mechanical  effect  of 
the  liberation  of  the  gas,  and  the  wound  or  cavity  is  thus  cleaned  by 
it  more  perfectly  than  by  washing  with  ordinary  antiseptic  solutions. 
The  solution  has  been  recommended  for  use  in  ophthalmic  practice, 
and  for  this  purpose  may  be  diluted  <me  half. 
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Other  Oxidizing  Disinfectants. 

Other  oxidizing  bodira  have  been  used  as  antiseptics  and  disinfect- 
anta.  Thus  Calcium  Peroxide  or  Oorit  has  been  recommended  as  a 
gastric  and  intestinal  disinfectant  for  children  in  doses  of  0.2—0.6  G. 
in  milk.  Zinc  peroxide  and  magnesium  peroxide  have  also  been  su^ 
jested,  the  former  for  external,  the  latter  for  internal  use. 

Similarly  the  Persulphates  of  potaasiura  and  sodium  (NaaSjOg), 
persodine,  possess  strong  oxidizing  properties  from  their  liberating 
oxygen  in  contact  with  organic  matter.  They  are  only  feebly  poison- 
ous but  have  not  been  extensively  used  as  yet. 

Some  older  and  better  known  disinfectants  also  owe  their  powers  to 
liberated  oxygen,  and  among  these  that  moat  largely  employed  is  the 
Permanganate  of  Poiasaium. 

When  a  solution  of  this  salt  comes  in  contact  with  organic  matter, 
such  as  albumin,  the  permanganate  at  once  parts  with  some  of  its 
oxygen,  which  attaches  itself  to  the  albumin.  Permanganate  is  thus 
poisonous  to  protoplasm,  not  through  the  presence  of  the  whole  mole- 
cule, but  in  consequence  of  the  oxidation  of  the  proteids.  As  soon  as 
the  permanganate  is  reduced,  it  of  course  loaee  this  action,  so  that  the 
oxidizing  effect  is  limited  to  the  skin  and  the  surface  of  the  mucous 
membranes.  Concentrated  solutions  irritate,  and  even  corrode  the 
akin,  and  induce  gastro-enteritis  when  swallowed.  Permanganate 
solutions  are  disinfectants  of  considerable  power,  owing  to  their  oxi- 
dizing and  thus  destroying  bacteria.  They  fail  to  penetrate  deeply  in 
an  active  form,  and  this  renders  them  of  less  value  than  many  other 
disinfectants,  except  in  very  superficial  infection. 
Prefabatiohs. 
Potaeaii  Permanganaa  (U.  S.  P.,  B.  P.)  (KMnO.)  forms  slender  cryBtalr 
of  a  dark  purple  color  and  a.  eweetisb,  afterwards  disagreeable  and  aatmigmt 
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taste,  soluble  in  sixteen  parts  of  water,  reduced  by  alcobol  and  other  oi^ganic 
bodies.    0.05-0.2  Q.  (1-3  grs.),  in  pills  made  up  with  kaolin. 

Thflrftpratic  Uses, — The  permanganate  has  been  used  internally  in 
amenorrbcea  and  chlorosis. 

Externally  it  is  used  for  its  disinfectant  and  deodorant  action,  as 
an  application  to  gangrenoua  ulcere,  cancerous  sores,  diphtheria,  and 
gonorrhosa.  In  dilute  solution  it  may  be  used  as  a  gargle  and  month 
wash  (1  per  cent.),  to  disinfect  the  hands  (1—3  per  cent.),  which 
it  stains  brown,  and  for  other  similar  purposes. 

It  has  recently  been  recommended  in  poisoning  with  phosphorus, 
prusaic  acid,  morphine  and  other  alkaloids,  on  the  theory  that  these 
poisons  are  oxidized  by  it  in  the  stomach,  and  thus  rendered  harm- 
less. For  this  purpose  it  is  given  in  one-third  per  cent,  solution.  It 
may  be  questioned  whether  much  permanganate  reaches  the  stomach 
unreduced,  and  the  method  is  certainly  less  reliable  than  the  stomach 
tube.  Only  the  poison  actually  in  the  stomach  is  destroyed,  permanga- 
nate having,  of  course,  no  effect  upon  that  absorbed  into  the  blood. 
In  snakebite,  permanganate  has  been  advised,  and  it  undoubtedly  has 
some  action  on  the  poison  when  it  comes  in  contact  with  it,  and  may 
therefore  be  used  to  wash  the  wound  and  also  to  inject  around  it ;  it 
has  no  effect  upon  the  poison  already  absorbed. 

Condy's  Fluid  is  a  strong  solution  of  impure  permanganate,  which 
is  of  use  to  disinfect  and  deodorize  urinals  and  faeces,  but  must  be 
poured  on  them,  and  cannot  be  employed  to  disinfect  rooms. 

Some  of  the  caustics  owe  part  of  their  action  to  the  oxygen  liber- 
ated when  they  come  in  contact  with  organic  matter.  Thus  Chromic 
Acid  destroys  tissue  in  part  tbrough  its  acidity  but  this  is  reinforced 
by  its  oxidizing  powers. 

^      XTTir     PHOSPHOBUS. 

In  the  early  part  of  last  century  phosphorus  played  a  very  impor- 
tant role  in  therapeutics,  and,  in  fact,  was  regarded  almost  as  a 
panacea,  but  at  present  its  use  is  much  more  restricted,  and  some 
doubt  is  entertained  as  to  its  possessing  any  therapeutic  value  what- 
ever.   At  the  same  time,  it  has  been  the  subject  of  much  and  laborious 
investigation,  partly  because  it  has  frequently  given  rise  to  poisoning, 
and  partly  because  the  study  of  its  effects  has  thrown  much  light  on 
some  physiological  and  pathological  processes.     It  differs  from  most  I 
poisons  in  acting  for  the  most  part  on  certain  phases  of  the  animal  I 
metabolism,  and  in  having  comparatively  little  direct  action  at  the  | 
point  of  application,  or,  indeed,  upon  any  single  organ. 

Phosphorus  is  absorbed  with  difficulty,  because  it  is  very  insoluble  i 
in  water  and  the  body  fluids  and  is  only  slowly  volatilized  at  ordinary  I 
body  temperature.  Large  masses  of  phosphorus  may  thus  pass  through  | 
the  alimentary  canal  without  serious  effects,  because  they  fail  to  be  | 
dissolved  and  absorbed.  But  when  it  is  taken  in  a  finely  divided  | 
condition  or  in  solution  in  oil,  it  gives  rise  to  symptoms  in  very  small 
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quantity,  and  lias  been  found  to  induce  faial  poisoning  in  man  in  doses 
of  0.06-0.1  G.  (1-2  gTB.).*  In  these  conditions  it  is  absorbed  partly 
as  vapor,  partly  in  solution  in  water,  whidi  dissolves  only  traces,  how- 
ever, and  prolably  chiefly  in  solution  in  the  fats  and  oils,  in  which 
it  is  much  more  soluble.  Phosphorus  vapor  is  also  absorbed  by  the 
lungs,  and  the  Bymptoms  of  chronic  poisoning  in  match  factories  are 
believed  to  arise  in  this  way.  It  does  not  seem  to  be  taken  up  from 
the  skin,  and  has  in  fact  little  effect  unleiss  when  rubbed  on  it,  when 
it  ignites  and  gives  rise  to  severe  bums;  phosphorus  bums  do  not 
cause  phosphorus  poisoning,  however,  as  is  sometimes  stated.  The 
red  amorphous  phosphorus  is  much  leas  poisonous  than  the  ordinary 
yellow  form,  because  it  is  less  soluble  and  also  less  volatile,  and  con- 
sequently fails  to  be  absorbed. 

PhoBTihon^n  f-^'°ta  '•'y^  i\\f^  >ilffftf|  o^  Qii^h^  and  the  effects  on  the  tissues 
are  unquestionably  due  to  the  element  itself,  and  not  to  the  oxygen 
or  hydrogen  compounds,  as  has  been  supposed.  Some  phosphuretted 
hydrogen  (PH3)  may  be  formed  in  the  bowel,  but  is  comparatively 
unimportant,  the  great  mass  of  the  phosphorus  being  absorbed  un* 
changed.  As  soon  as  it  is  oxidized,  phosphorus  loses  its  specific 
action,  all  of  the  acids  being  comparatively  harmless.  Phosphorus  has 
been  detected  in  the  blood,  and,  it  is  said,  in  some  of  the  excretions. 

It  is  devoid  of  action  on  albumins  in  solution  and  has  no  immediate 
irritant  effects,  such  as  are  seen  in  poisoning  with  the  heavy  metals. 

Bjinptoiiu. — ^When  a  poisonous  dose  of  phosphorus  is  swallowed,  no 
effects  are  elicited  as  a  general  rule  for  several  hours.  The  first 
'symptoms  argjaain  and  discomfort  in  the  region  of  the  attach,  nausea 
and  eructation  of  the  vapor  with  its  characteristic  g^licodor.  and 
then  vomiting,  tie  contents  of  the  stomach  having  the  same  odor,  and 
being  phoai)boresccnt  in  the  dark.  Later,  bile  may  be  vomited,  and 
some  diarrhosa  may  set  in,  altKough  this  is  not  a  common  symptom. 
The  nausea  and  vomiting  often  continue  without  further  symptoms 
for  several  days,  but  frequently  disappear,  and  the  patient  appar- 
ently recovers,  particularly  if  the  dose  has  been  small,  or  if  most  of  it 
baa  been  removed  by  vomjiiBg.  or  by  washing  out  the  stomach.  In 
the  course  of  a  few  days,  however,  the  symptoms  recur,  and  are 
generally  accompanied  by  some  jaundice ;  the  jiam  extends  from  the 
atopiflob  to  the  live^  and  soon  tn  thp  w^j^Jf^  nf  the  al^domen.  The 
vomited  matter  no  longer  contains  phosphorus,  but  may  be  bloody. 
The  patient  complains  of  general  weakness  and  faintness;  the  pulse 
is  weak,  the  liver  extends  far  below  the  ribs,  and  the  urine  shows 
characteristic  changes  (see  page  604) ;  heequi£cliB£es  occur  from  the 
noee,  bowel,  uterus  and  under  the  shin,  and  eventually  a  condition  of 
collapse  and  fatal  coma  follows.  Convulsions  and  delirium  have  been 
observed  in  a  considerable  proportion  of  cases  towards  the  termination 
of  the  intoxication.     Death  may  occur,  however,  in  the  firrt  stage  or 

'     '  Phosphonu  is  often  nsed  in  miieide,  generally  in  tbe  form  of  rat  polaow  or  of 

t  natcb  heads.    Each  phoephorDH  match  ia  eatimated  to  cany  S~5  mg.  of  pho^honu, 
I  BO  tlist  15-20  match  heaoe  are  anffltient  to  indaee  fatal  poiaomng. 
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early  in  the  second,  before  complete  exhauBtion  ia  reached,  and  in 
these  cases  would  seem  to  be  best  explained  by  the  direct  action  of 
the  poison  on  the  ^(jrt-  If  only  a  small  quantity  be  swallowed,  or  if 
active  therapeutic  measures  be  taken  early,  the  patient  may  recover 
without  any  secondary  symptoms,  and  even  when  these  have  followed 
the  prognosis  is  not  hopeless,  for  the  s^pnptomfl  alowly  disappear  in  a 
certain  p''"r"'^iffTl  ?f  f^ffa 

TSpoeure  to^eSiaerpf  phosphorus  has  long  been  known  to  give  1 1 
rise  to  periafititis  and  necrosis  of  the  lower  jaw.     The  disease  begina 


from  a  qgriougjoollfc  or  from  dOlllt)  lesion  oT'tfaS' gum,  and  may  involve 
most  of  the  jaw,  which  becomes  sBflU^n  ^nd  aamful  and  eventually 
evacuates  large  quantities  of  pus  with  pieces  otctead  bone.     This 


necrosis  was  formerly  frequent  in  Tnnjt^h  fmrtj>ppH.  hut  has  hpw^me 
rarer  since  amorphous  phosphorus  h^  been  substituted  for  the  yellow 
form,*  and  since  greater  attention  has  been  paid  to  the  ventilation  of 
the  factories  and  to  the  condition  of  the  teeth  of  the  employees. 
Magitot  has  recently  advanced  the  opinion  that  exposure  to  phos- 
phorus fumes  gives  rise  to  a  mild  chronic  form  of  poisoning,  quite 
aside  from  the  necrosis,  which  is  comparatively  rare.  The  symptoms 
are  cachexia,  slight  jaundice,  aniemia  and  abuminuria,  and  in  more 
advanced  cases  chronic  enteritis  and  diarrhcea,  bronchitis  and  a  curious 
fragility  of  the  bonee. 

Action:  fittH^lfflf"*'""  — *  very  striking  feature  in  pbosphoruB 
poisoning,  and  one  that  was  early  recognized  in  its  history,  is  the 
appearance  of  numerous  fat  globules  in  the  cells  of  many  organs, 
notably  in  those  of  the  liver,  kidney,  gastric  and  intestinal  plflTujf^,  and 
in  the  muscle  fibres  of  the  heart,  stomach,  intestine,  smaller  arteries 
and  often  ot  thg^skelfetfll  muaclgB.'  I'his  tat  was  formerly  believed  to 
be  formed  by  the  degeneration  of  the  proteins  of  the  cells  in  which 
it  is  found,  but  it  appears  that  it  is  really  ordinary  fat  transported 
from  the  positions  which  it  normally  occupies  and  deposited  in  the 
cells  of  the  liver,  heart  and  other  organs.  Pfluger  has  ^wn  that  the 
total  fat  of  the  body  is  not  increased  by  phosphorus,  and  Rosenberg 
found  that  when  an  animal  has  been  fod  on  foreign  fats  (e.  ^.,  adog 
upon  mutton  suet)  and  is  then  poisoned  vrith  phosphorus,  the  fat  found 
in  the  liver  cells  is  that  characteristic  of  the  food  and  not  that  of  the  poi- 
soned animal  as  might  be  expected  if  it  were  derived  from  the  proteins. 
Further,  Leatbes  has  shown  that  the  fat  found  in  the  liver  in  phos- 
phorus poisoning  possesses  the  characteristics  of  fat  ordinarily  found 
in  the  subcutaneous  deposits  and  not  that  of  the  fat  of  organs,  so  that 
there  is  every  reason  to  regard  it  as  normal  preformed  fat  deposited 
in  unusual  position,  rather  than  as  a  new  product  ol  the  intoxication. 
Tne  tatty  infiltration  sets  in  only  after  some  time,  and,  in  fact,  accom- 
panies the  secondary  symptoms  for  the  most  part,  although  the  cells 
of  the  stomach  and  upper  part  of  the  intestine  suffer  sooner,  and  the 

*Tbe  phoapboms  seBquiBalphide  (P.S,),  recently  introduced  in  match  faetoriw, 
seams  to  be  even  safer  tlian  red  phoBphoma,  for  thoijKh  minute  qu&ntitiee  of  the 
element  ftre  released  from  it  in  the  tissues,  these  are  too  small  to  induce  onjr 
symptoms. 
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beginning  of  this  process  is  probably  the  canse  of  tbe  early  vomitiiig- 
The  process  commences  in  rlnniij  gTmllinf;  of  the  cells,  followed  by  the 
Kppearance  of  gramilsar-vhich  soon  develop  int^  fat  globulea.  Even- 
tually the  degenerated  cells  break  up  into  ^ritu^. 

Another  feature  in  phosphorus  poisoning,  which  is,  however,  better 

IBeen  after  repeated  small  doses  than  after  a  single  large  one,  is  the 
Proliferation  of  the  Intentitlal  Oonnwtive  Tissne  of  the  stomach,  liver 
and  kidney,  which  finally  induces  typical  cirrhosia  of  these  organs. 
It  was  formerly  supposed  that  this  indicated  a  specific  irritant  action 
of  the  phosphorus  vapor  on  the  connective  tissue,  but  many  path- 
ologists now  regard  this  proliferation  as  a  secondary  result  of  the 
nyrnnii^  of  the  parenchviTia-  qglls-  In  animaR^poiaone3*By  the  pro- 
longed  administration  of  small  quantities  of  phosphorus,  the  ordinary 
effects  of  hppfltic  anrl  ffTia]  o.irrbnuif  have  been  induced,  such  as  drppay, 
anffTnia  HTid  PifphPTiq.  ^"^ 

Besides  the  cells  which  have  undergone  fatty  degeneration,  the  liver 
often  contains  numerous  microscopic  areas  of  necrotic  tissue  and  in 
other  parts  actively  dividing  parenchymatous  cells,  and  these  appear 
to  replace  those  which  have  succumbed  to  the  poison,  when  recovery 
follows. 

When  very  minute  quantities  of  phosphoraa  are  administered  to 
animals,  no  poisoning  results,  but  according  to  Wegner,  a  specific 
action  on  the  Bones  is  induced,  especially  in  young  animals,  in  which 
the  bones  are  still  growing.  Thus,  in  young  rabbits,  quantities  of 
tV- t  mg.  given  for  several  weeks  are  found  to  be  followed  by  char- 
"Scteristic  changes  in  the  growth  of  the  long  bone  a,  apparently  induced 
1^  the  phosphorus  acting  as  an  irritant  or  stimulant  to  the  bone- 
forming  ppI  Is  ^nstcoblaBts).     Wherever  cancellous  boneisbeiugformed 


Som  cartilage,  phosptorus  is  stated  by  Wegner  to  cause  the  deposit 
of  a  layer  which  resembles  the  dense  bone  of  the  shaft  in  the  normal 
animal  in  general  appearance  and  also  histologically.  This  layer  of 
dense  bone  at  the  growing  point  is  at  first  the  only  change  induced, 
but  if  the  treatment  lasts  longer  the  soft  cancellous  bone  which  was 
deposited  before  the  phosphorus  treatment  began  is  gradually  absorbed. 
The  medullary  cavity  of  the  bon^  ]',p  fbiis  PTi1itrp|ad.  and  may,  in  fact, 
extend  into  tke  epiphyses,  which  in  the  normal  bone  are  filled  with 
cancellous  tissue,  but  which  now  form  part  of  the  ^ijfihlgLgth^ed 
cavity.  Eventually  the  whole  of  the  cancellous  bone^'may  be  absorbed 
aB^a  similar  process  of  absorption  begins  in  the  bone  formed  at  first 
under  phosphorus,  while  the  dense  deposit  is  pushed  further  into  the 
remaining  cartilage.  The  development  of  bone  from  cartilage  is  not 
the  only  process  affected,  however,  for  Wegner  states  that  in  the  bone 
deposited  from  the  periosteum  a  somewhat  similar  change  is  induced, 
as  is  shown  by  its  becoming  denser  and  by  the  Haversian  canals  being 
much  contracted  in  size.  In  full-grown  animals  the  changes  in  the 
hone  are  much  less  distinct,  but  the  lamellse  of  the  spongy  tissue  are 
said  to  be  thickened  by  phosphorus  treatment,  and  in  the  fowl  Wegner 
states  that  the  medullary  cavity  may  be  completely  obliterated  by  the 
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deposition  of  hard  bone.  Wegner  supposes  that  this  effect  on  bone 
is  due  to  a  specific  action  on  the  bone-formicg  cells,  analogous  to  that 
which  he  observed  in  the  connective  tissue  of  the  liver.  As  has  been 
mentioned  already,  however,  the  cirrhosis  of  the  liver  in  chronic  phos- 
phorus poisoning  is  believed  by  many  not  to  be  due  to  primary  irrita- 
tion of  the  interstitial  tissue,  but  to  be  secondary  to  the  destruction  of 
the  parenchymatous  cells,  so  that  this  analogy  is  rendered  doubtful. 
Wegner  found  further  that  when  the  calcium  salts  were  withdrawn 
from  the  food  of  animals  treated  with  phosphorus,  the  exaggerated 
activity  of  the  bone-forming  cells  continued,  but  no  lime  was  depos- 
ited, so  that  the  bone  presented  the  appearance  of  rickets.  The  same 
result  has,  however,  been  obtained  by  other  investigators  by  the  with- 
drawal of  calcium  without  phosphorus.     Kassowitz  took  up  the  inves- 


tigation some  twelve  years  later,  and  observed  the  layer  of  white  dense 
bone  described  by  Wegner  at  the  edge  of  the  ossifying  cartilage,  but 
regards  it  not  as  the  result  of  excessive  activity  of  the  osteoblasts,  but 
as  due  to  a  slower  absorption  of  the  calcified  cartilage  from  a  less  rapid 
extension  of  the  blood  vessels  than  is  normal.  With  large  doses  he 
produced  appearances  closely  resembling  those  of  rickets.  Several 
other  investigators  have  observed  changes  in  the  bones  after  phos- 
phorus, so  that  there  is  good  reason  to  believe  that  it  possesses  .swne  ^^ 
specific  action  on  them,  although  pome  writers  failed  to  obtain  detlnite  y*^ 
resuiis  and  of  those  who  observed  a  modification  in  the  growth  no  two 
agree  in  the  description  of  the  changes  or  in  their  interpretation. 
This  specific  action  on  the  bone-forming  tissues  and  particularly  on 
the  periosteum  may  explain  the  necrosis  of  the  jaw  in  match  factories. 
The  view  of  the  latest  investigators  is  that  microbial  infection  is  nec- 
essary to  permit  of  the  changes  observed  clinically,  hut  that  phosphorus  \ 
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1  induces  some  change  inthebonee  which  prediBpoeea  them  to  infection 
by  the  tubercle  bacillus  and  other  organisms  which  induce  necrosis.  The 
occurrence  of  necrosis  of  the  jaw  is  in  fact  a  strong  argument  for  the 
correctness  of  the  view  that  a  specific  action  on  bone  exists,  for  und^r 
no  other  poison,  even  when  much  more  irritant  vapor  is  inhaled,  does 
a  similar  process  occur  in  man.  And  a  further  argument  for  this 
specific  action  is  the  fragility  of  the  bones  which  occurs  in  a  consid- 
erable percentage  of  workers  in  match  factories.  Here  the  phos- 
phorus is  carried  to  the  bones  (femur,  tibia,  radius,  etc.)  in  the  blood 
and  there  is  no  possibility  of  its  reaching  them  directly  as  in  the  case 

iof  the  jaw.  It  seems  probable  therefore  that  in  phosphorus  necrosis 
of  the  jaw  the  bone  is  changed  by  the  phosphorus  absorbed  and  car- 
ried to  it  by  the  blood  and  that  Uiis  change  predisposes  to  infection 
through  a  diseased  tooth  or  sinus.  The  exact  nature  of  this  action  on 
bone  and  its  relation  to  rickets  and  to  osteomalacia  must,  however,  be 
left  for  further  research  to  determine. 

Phosphorus  wealiens  and  slows  the  Hsart  when  it  is  applied  to  it 
directly  in  the  frog,  or  by  intravenous  injection  in  mammals.  In 
many  cases  of  acute  poisoning  in  man,  however,  the  heart  does  not 
seem  to  be  seriously  affected  until  very  late,  and  this  is  particularly 
the  case  when  comparatively  small  quantities  have  been  absorbed. 
In  those  cases  in  which  large  amounts  are  swallowed  in  solution  or  in 
fine  division,  and  in  which  death  occurs  before  any  secondary  symp- 
toms have  been  developed,  the  fatal  issue  is  generally  ascribed  to  the 
cardiac  action.  This  direct  action  on  the  heart  must  be  distinguished 
from  the  fatty  degeneration  of  the  cardiac  muscle,  which  is  seen  in 
the  later  stages  of  poisoning,  for  no  degeneration  of  the  heart,  and,  in 
fact,  no  pathological  changes  whatever,  may  be  found  in  tboee  rapidly 
fatal  cases.  Phosphorus  acts  on  the  heart  muscle  directly,  and  does 
)    not  seem  to  affect  the  regulating  nerves  in  any  way. 

The  Blood  is  but  little  changed  outside  the  body  by  phosphorus, 
for  though  Araki  states  that  the  hcemoglobin  parts  with  ozygen  more 
slowly  than  usual,  the  difference  is  trifling.  In  many  cases  of  fatal 
poisoning  the  blood  ie  found  not  to  clot  so  readily  as  usual,  and  B(Kne- 
times  to  remain  fluid  for  forty-eight  hours  or  more.  According  to 
Corin  and  Ausiaux  and  Jacoby  this  occurs  only  in  cases  in  which  the 
patients  live  for  several  days,  and  is  not  a  direct  effect  of  the  poison, 
but  is  due  to  the  changes  in  the  intestine  and  liver,  which  lessen  or 
entirely  destroy  the  fibrinogen.  Jacoby  states  that  the  blood  not  only 
fails  to  clot  but  is  capable  of  redissolving  fibrin  and  attributes  this  to 
the  presence  of  the  autolytic  ferment  of  the  liver. 

The  absence  of  clotting  in  the  blood  may  be  a  factor  in  the  htemor- 
r^tfyea  which  are  met  with  among  the  symptoms  of  the  second  'stage, 
but  the  immediate  cause  of  these  is  the  fatty  degmieration  of  the 
muscular  coat  of  the  smaller  arteries  throughout  the  body.  These 
changes  in  the  blood  vessels  may  perhaps  explain  the  oedema  of  the 
retina,  which  is  seen  in  animals  poisoned  with  phosphorus,  though 
these  have  also  been  attributed  to  some  change  in  the  blood.     Occa- 
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eionall;  gjpgTAnia  nf  the  extremities  has  been  obserred  in  phoaphoniB 
poisoning,  probably  owing  to  the  changes  in  the  vessel  walls. 

Small  dosee  of  phosphorus  generally  increase  the  umnber  of  the 
red-blood  cells  in  man,  and  even  in  poisoning  a  sudden  or  gradual  i 
increase  in  these  may  occur,  along  with  a  diminntion  of  the  leuco- / 
cytes.     The  hGemoglobin  is  not  correspondingly  augmented,  however. ' 
In  the  lower  animals  the  effect  on  the  blood  cells  varies  a  great  deal ; 
in  the  dog  an  unusual  number  of  red-blood  cells  appears  to  be 
destroyed;  in  the  rabbit  no  distinct  alteration  in  the  number  of  the 
red  cells  but  some  leucocytosis  has  been  observed,  while  in  fowls  an 
increase  in  the  leucocytes  accompanies  a  marked  destruction  of  the 
red  cells ;  in  the  frog  the  number  of  red  cells  is  not  reduced. 

The  Bone-mwrow  in  chronic  poisoning  is  at  £rst  hypersemic,  the  fat  I 
cells  are  atrophied  and  the  leucoblasts  are  greatly  increased ;  later  a  I 
gelatinous  degeneration  sets  in  with  a  decrease  in  the  number  of  the  | 
marrow-cells  and  a  corresponding  increase  in  the  connective  tissue. 

The  peripheral  Nervn  and  HubcIm  do  not  seem  to  be  affected  in 
phosphorus  poisoning,  except  in  so  far  as  the  latter  undergo  fatty 
degeneration.  An  excised  muscle  lives  almost  as  long  in  salt  solution 
containing  phosphorus  as  in  the  nnpoisoned  solution. 

The  Cnttral  HerTona  System  is  also  little  changed  by  phosphorus. 
The  coma  and  convulsions  which  appear  before  death  may  be  due   I 
rather  to  the  disordered  metabolism  than  to  any  direct  influence,  as  is  | 
shown  by  the  fact  that  consciousness  is  preserved  throughout  the  first  \ 
stage,  and  as  a  general  rule  until  late  in  the  second. 

The  fatty  degeneration  of  the  epithelial  cells  of  the  Stomach  and  . 
Intertlne  explains  the  abdominal  pain,  the  vomiting  and  the  occasional  |^ 
diarrhoea  seen  amoug  the  secondary  symptoms.  The  earlier  phases  of 
this  action  may  be  the  cause  of  the  vomiting  and  nausea  of  the  first 
stage.  This  degeneration  occurs  also  when  phosphorus  is  injected 
hypodermically,  and  is  therefore  of  the  same  nature  as  that  in  the 
other  organs.  The  cells  of  the  stomach  first  attacked  are  those  of  the 
glands,  and  the  condition  has  been  termed  gastradenitis. 

The  fatty  changes  in  the  \i^n  """g"  a  considerable  increase  in  the 
area  of  hepatic  dulness,  and  at  the  same  time  induce  some  pain  and 
tenderness  over  the  organ. 

In  ttie  earlier  pMses  the  secretion  of  hJln  r'0^*^t  i^  iiiniinnnrd, 
denoting  an  unwonted  activity  of  the  liver,  but  later  as  the  cells 
become  infiltrated  with  fat,  they  presH  on  tfin  biln  f-npillnn'M  and 
occlude  theto  so'Tihat  the_bile  is  abso'-lwH  iritq  tha  Unnd  vessels  and 
gives  rise  to  laTmdicc.  TJie  secretion  at  this  stage  is  clouded,  viscous 
and  not  deeply  pigmented,  and  appears  to  be  derived  mainly  from 
Uie  mucus  cells  of  the  smaller  bile  ducts  and  not  from  the  liver  cells 
proper.  Ihiring  recovery  the  cells  lessen  in  size  and  cease  to  press 
on  the  ducts,  and  the  bile  loses  its  turbidity  and  viscosity,  and  is  very 
dark  in  color,  because  the  pigment  which  was  deposited  in  the  tissues 
during  the  second  stage  is  reabsorbed  and  excreted;  the  jaundice  color 
of  course  disappears  from  the  skin  as  the  bile  pigment  is  reabsorbed. 
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I   The  bile  salts  are  very  much  reduced  in  phosphorus  poisoning.     The 
I  jaundice  may  also  be  accounted  for  in  part  by  the  destruction  of  the 
1  red  cells  of  the  blood  and  consequent  increase  of  pigment  formation 
•  in  the  liver.     This  view  is  supported  by  the  fact  that  in  the  rabbit,  in 
which  the  red  cells  are  not  decomposed  by  phosphorus,  no  icterus  is 
observed,  while  in  the  dog,  in  which  some  of  the  cells  are  destroyed, 
it  is  very  marked.     In  man,  however,  there  ia  no  evidence  that  the 
red  cells  are  diminished  in  number,  yet  jaundice  is  one  of  the  com- 
monest symptoms.     The  bile  very  often  contains  albumin  in  consid- 
erable amount,  and  in  the  later  stages  red  blood  cells  may  occur  in  it. 
Other  changes  have  been  shown  to  occur  in  the  liver  in  phosphorus 
poisoning;  thus  the  proportion  of  water  is  increased  while  the  glyco- 
gen and  lecithin  are  reduced.     When  the  distribution  of  the  nitrogen 
is  examined,  it  is  found  that  a  smaller  proportion  than  usual  ia  comt- 
hined  in  the  form  of  proteins,  while  a  larger  percentage  is  found  in 
the  form  of  simpler  bodies  such  as  ammonia  and  the  amino-acids. 
The  heion  bases  are  also  present  in  less  proportion  than  normally. 
When  the  liver  of  an  unpoisoned  animal  is  kept  from  putrefaction 
for  some  time,  the  tissue  is  broken  down  by  the  action  of  an  autolytic 
ferment,  and  the  same  constituents  are  formed  in  large  quantity;  the 
liver  in  phosphorus  poisoning  undergoes  the  same  changes  when  pre- 
served from  putrefaction,  hut  the  autolysis  progresses  much  more 
rapidly.      Jacoby  therefore  infers   that  phosphorus   augments   the 
activity  of  the  autolytic  ferment  of  the  liver  and  thus  reduces  the 
proteins,  glycogen  and  lecithins,  while  increasing  the  simpler  amino- 
acids.     The  acid  formed  in  this  process  combines  with  ammonia. 
The  ferments  which  decompose  the  amino-acids  do  not  seem  more 
active  in  phosphorus  poisoning  or  in  autolysis  than  normally,  but 
only  those  which  decompose  the  proteins  to  their  simpler  bodies. 
1  He  regards  the  disappearance  of  the  fibrinogen  of  the  blood  as  a 
I  further  effect  of  this  liver  autolysis,  for  he  found  that  the  injection 
\  of  the  autolytic  ferment  into  normal  animals  prevented  coagulation. 
In  the  Kidner,  the  fatty  degeneration  of  the  epithelium  may  account 
for  the  albuminuria,  which  is  not  generally  severe,  and  ia  not  infre- 
quently absent  in  cases  of  poisoning.     Fatty  casts. and  even  globules 
of  fat  are  often  found  in  the  urine  in  cases  which  run  a  chronic  course. 
Blood  and  htemoglobin  may  also  appear  in  it  from  htemorrhages  into 
the  kidney.    The  urine  itself  ia  often  somewhat  increased  in  quantity 
in  the  early  stages  of  the  intoxication,  but  afterwards  becomes  defi- 
cient, and  towards  death  complete  anuria  may  be  observed.     The 
increased  urine  is  probably  due  to  the  increase  of  the  urinary  sub- 
stances in  the  blood,  while  the  diminution,  which  may  occur  early, 
,  may  be  explained  by  the  small  quantity  of  water  absorbed  from  the 
stomach  and  intestine;  for  the  same  reason  the  chlorides  are  much 
reduced  in  amount. 

The  nitrogen  of  the  urine  varies  considerably  in  different  cases. 

\    Very  often  in  the  first  few  days  after  the  iugestion  of  the  poison,  it  is 

markedly  diminished  in  amount  from  the  prolonged  nausea  and  vcnn- 
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iting  which  prevent  the  absorption  of  food ;  the  nitrogenous  excretion 
thus  corresponds  to  that  during  the  first  few  days  of  starvation.    After 
this,  however,  a  very  considerable  increase  in  the  nitr(^n  is  observed, 
even  although  the  patient  continues  to  fast.     In  the  course  of  starva- 
tion  a  rise  in  the  nitrogen  excretion  also  occurs  after  some  time,  but  I 
this  is  never  so  great  as  that  seen  in  phosphorus  poisoniug,  bo  that  the  I 
poison  ev^'^°nt\7  °"g""itf<  t^p  wnstf^  pf  fhR  DitrogeuoiiR  Hssiips.     The  1 
excretion  oi  urea  does  not  increase  in  proportion  with  the  total  nitro- 
gen; in  fact,  less  urea  is  often  excreted  than  in  the  first  days  of  the 
intoxication.     But  the  nitrogen  excreted  in  the  form  of  ammonia  is 
much  increased  in  man  and  the  dog,  while  it  ia  not  altered  in  the 
rabbit.     This  excretion  of  ammonia  suggests  the  formation  of  excess  \ 
of  acid  in  the  tissues,^  and  as  a  matter  of  fact  sarcolactic  acid  is  found  I 
in  very  considerable  quantity  in  the  urine.     The  increased  ammonia  i 
of  the  urine  is  therefore  to  be  referred,  at  any  rate  in  part,  to  the  1 
formation  of  this  acid  in  the  tissues,  and  if  fixed  alkalies  are  admin-   I 
istered,  the  ammonia  of  the  urine  falls  at  once  in  amount  because  the    | 
alkali  neutralizes  the  sarcolactic  acid. 

The  uric  acid  excreted  is  often  somewhat  increased  in  amount,  but 
on  the  whole  is  little  altered  by  phosphorus  in  man,  which  may  indi- 
cate that  the  nuclei  of  the  cells  are  less  subject  to  the  action  of  the 
poison  than  the  cytoplasm. 

Some  increase  in  the  other  nitrogenous  constituents  of  the  urine 
also  occurs  in  phosphorus  poisoning,  and  a  number  of  amino-acids 
have  been  identified  in  it.  The  best  known  of  these  are  tyrosin  and 
leucin  crystals,  which  are  not  always  present  in  the  urine,  however, 
although  they  have  been  found  in  the  blood  in  some  quantity.  Bau- 
manu  found  an  increase  in  the  substances  of  the  aromatic  series  in 
the  urine.  The  phosphates  of  the  urine  are  often  very  considerably 
augmented,  but  not  because  of  the  excretion  of  phosphorus  as  phos- 
phates, for  the  quantity  absorbed  is  too  small  to  cause  any  appreciable 
change.  The  increase  in  the  phosphates  is  rather  to  be  ascribed  to  an 
augmented  waste  of  the  tissues,  and  the  sulphates  are  also  excreted 
in  larger  quantity  for  the  same  reason. 

When  icterus  is  present,  the  urine  may  be  dark  in  color  from  the  ■ 
bile  pigment  excreted,  and  bile  acids  are  also  often  contained  in  it.  A 

MetaboUsiiu — The  carbonic  acid  excretion  and  oxygen  absorption 
by  the  lungs  are  generally  found  to  undergo  comparatively  slight 
changes  in  phosphorus  poisoning,  while  all  the  evidence  points  to  grave 
derangement  in  the  protein  metabolism,  Meyer  found  the  alkalinityi 
of  the  blood  reduced  through  the  presence  of  lactic  acid  in  excess  inl 
the  tissues,  and  this  has  the  further  elfect  of  increasing  the  ammoniaj 
of  the  urine;  lactic  acid  is  also  found  in  the  stomach  along  with  hydro-l 
chloric  acid.  It  is  believed  to  arise  from  the  glycogen  of  the  liver, 
which  is  much  reduced  in  amount.  The  great  similarity  between  the 
results  of  normal  autolysis  and  of  phosphorus  poisoning  has  led  to  1 
the  view  that  the  essential  effect  of  phosphorus  is  an  acceleration  of  f 
'See  Ajtunonia,  p.  667;  Adda,  p.  562, 
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the  autolytic  procees,  and  tliis  ia  supported  by  the  results  obtained 
in  ezperimentB  in  which  the  autoljsiB  of  the  normal  liver  was  com- 
pared with  that  of  the  liver  obtained  from  an  animal  poisoned  with 
I  phosphorus. 

Autolysis  or  destructive  metabolism  occurs  in  normal  living  cells, 

I  but  in  phosphorus  poisoning  it  is  supposed  to  proceed  more  rapidly, 
and  many  of  its  products  are  not  so  completely  decomposed  as  noiv 
mally,  so  that  intermediate  products,  such  as  leucin,  tyrosin  and  other 
amino-acids  appear  in  large  quantities  in  the  organs  and  often  in  the 
excretions ;  lactic  acid  is  similarly  a  product  of  autolysis,  which  fails 
to  be  oxidized  to  carbonic  acid  as  in  the  normal  body.  This  accel- 
erated autolysis  occurs  not  only  in  the  liver  but  also  in  other  organs, 
although  in  a  less  marked  degree. 

It  seems  probable  that  the  fatty  degeneration  is  a  secondary  result 
of  the  accelerated  autolysis;  the  cells  are  supposed  to  absorb  fat  from 
the  blood  more  rapidly  than  normally  and  to  store  it  in  their  interior 
in  the  form  of  globules,  and  as  the  fat  of  the  blood  is  thus  reduced  the 
normal  fat  deposits  in  the  body  are  drawn  upon  to  replace  it  and  this 
results  in  the  transference  of  fats  from  the  subcutaneous  tissues  to 
such  organs  as  the  liver,  kidney  and  heart.  But  these  have  lost  to  a 
large  extent  their  normal  capacity  of  decomposing  fats,  which  are 
therefore  deposited  in  the  cells  in  the  same  forms  as  occur  in  the 
normal  adipose  tissue. 

In  view  of  the  curious  effect  of  phosphorus  on  the  tissue  change  of 
the  vertebrates,  its  action  upon  simpler  forms  possesses  some  intercat. 
It  has  been  found,  however,  that  yeast,  infusoria  and  bacteria  are  very 
little  affected  by  the  presence  of  this  poison,  and  living  microbes  are 
found  in  large  numbers  on  solid  pieces  of  phosphorus.  The  ferments 
are  also  unaiTected  for  the  most  part,  pepsin  sod  pancreatin  acting  in 
the  presence  of  phosphorus.  The  synthesis  of  hippuric  acid  in  the 
kidney  is  lessened  if  to  the  blood  used  to  perfuse  the  organ  some 
phosphorus  is  added. 

The  Tamperatnre  is  often  low  in  the  later  stages  of  phosphorus 
poisoning,  but  slight  fever  is  also  observed  in  some  cases. 

The  Fata  of  phosphorus  in  the  body  is  still  obscure.  It  is  possible 
that  some  of  it  is  oxidized  to  phosphoric  acid,  and  some  phosphorus  is 
said  to  be  excreted  by  the  lung^allhoUglnhe  statement  that  the  breath 
becomes  phosphorescent  seems  to  be  extremely  improbable.  It  is  also 
excreted  in  the  urine  in  some  organic  (ipmbinations.  of  which  nothing 
ia  known,  though  they  are  said  to  be  volatile.  In  pregnant  animals 
poisoned  with  phosphorus  the  fcetus  is  found  to  undergo  fatty  degen- 
eration, so  that  the  poison  would  seem  to  pass  through  the  placenta. 
Phosphorus  injected  bypodennically  acts  much  more  slowly  than 
when  swallowed. 

Phosphuretted  hydrogen  (PHg)  induces  the  same  symptoms  as 
phosphorus,  when  it  is  given  in  repeated  small  quantities.  Larger 
doses  are  very  rapidly  fatal  and  the  symptoms  differ  entirely  from 
those  of  phosphorus  poisoning,  consisting  of  marked  dyspncea,  purga- 
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tion,  weakness,  tremor,  and  finally  violent  convulsioDs  and  reepiratorj 
failure.  The  oxygen  compoands  do  not  seem  to  have  any  such  effects, 
and  for  the  most  part  are  harmless  except  in  very  large  doses. 

PfiEFAKATIOira. 

PhotphoTus  (U.S.  P.,  B.  P.),  a  translncent,  nearly  colorless  solid  reeemblm^ 
wax  in  lustre  and  conaisteiicy.  It  emits  white  fames  in  the  air,  whieh  are 
lominons  in  the  dark  and  takes  fiie  apontaneqiisly.  The  ^mea  have  the  odor 
of  ygpfin  anA  in  dilute  solution  pTiM^Abrnshas  a  harsh,  disagreeable  taste. 
It  is  very  Ut^e  soluble  in  water,  more  so  in  alcohol,  and  dissolves  to  abont  two  _i  ^_^ 
per  cent.  inlSFH  HTIAJhifl.     A-1  mg.  {tV^A  gr.)  (B.  P.  yV^n  gr.).  J.  "*  '^ 

Oleum  PhoapAoraium  [B.  P.)  is  a  one  per  cent,  solution  in  almond  oil  and 
ether  (1-5  mins.).  Phosphorated  oil  ought  to  be  freshly  prepared  and  kept 
in  tightly  stoppered  bottles;  solutions  of  one  per  cent,  tend  to  lose  their 
strength  by  evaporation  of  tlie  phosphorus  and  by  ozidation,  when  the  bottle 
contains  air.  It  is  said  to  keep  better  in  more  dilute  solution  (one  per  mille). 
It  is  probable  that  much  of  the  oil  dispensed  is  under  one  per  cent,  in  strengtli. 

P^ulie  Photphori  (U.  S.  P.),  each  pill  contains  0.6  mg.  of  phosphoms 
(t4ti  8T.).    Dose,  1  pill. 

Piitdo  Phogphori  (B.  P.),  2  per  cent.,  1-2  grs. 

Therapentlc  Uses. — Phoaphorus  has  been  recommended  in  various 
diseases  of  the  central  nervous  system  and  in  neuralgia,  bat  it  is  still 
questionable  whether  it  is  of  any  real  benefit  in  these.  There  is  more 
reason  to  believe  in  its  virtues  in  bone  disease,  more  especially  in 
rachitja^nd  oatefaaalacia,  for  in  a  nnmber  of  instances  marked  im- 
provement has  been  observed  in  these  diseases  under  its  use.  'It  is 
generally  given  in  Rnliitif>Ti  in  {g^-livftf  nil,  anfl  the  benefit  may  be  due 
in  part  to  the  menstruum,  but  not  entirely,  for  Sternberg  observed  a 
relapse  in  a  case  of  osteomalacia  when  pure  eod-Iiver  oil  was  substi- 
tuted for  the  phosphorated  oil.  In  rickets  a  solution  containing  0.01 
G.  in  100  c.c.  of  cod-liver  oil  is  recommended ;  2-4  teaspoonfuls  to 
be  given  each  day.^  In  osteomalacia  a  1  per  cent.'  solution  may  be 
prescribed  and  1-5  mg.  phosphorus  taken  each  day.  A  number  of 
observers  have  found  that  in  cases  of  rickets  and  osteomalacia  more 
lime  was  retained  under  phosphorus  treatment  than  usual,  the  propoi^ 
tion  of  the  lime  of  t^e  food  which  was  excreted  falling  rapidly. 

Other  bone  diseases,  such  as  caries  and  ununited  fractures,  have 
also  been  treated  with  phosphorus  occasionally,  but  the  results  have 
not  been  recorded  in  sufficient  numbers  to  allow  of  any  statement  as 
to  the  efficacy  of  the  treatment 

Traatment  of  Pbospboms  Polaonlng.- — Phosphorns  is  comparatively 
slowly  absorbed  from  the  alimentary  canal,  so  that  in  the  early  stages 
an  attempt  ought  to  be  made  to  remove  it  by  emetics  or  the  stomach 
tube,  and  by  purges.  Fata  and  oils  must  be  avoided,  as  they  tend  to 
dissolve  the  poison  and  promote  its  absorption.  Phosphorus  has  been 
found  in  the  stools  three  days  after  its  ingestion,  and  a  sharp  purge 
may  therefore  be  of  use  up  to  this  time. 

■  This  would  be  equivalent  to  1-2  mg.  of  phoaphoma  dally,  but  u  a  matter  of 
fact  the  phosphorated  oil  from  which  the  preBCrlptlDii  is  filled  eontalnt  much  leas 
ttkan  one  per  cent.,  so  that  the  dose  aetnolly  taken  probably  seldom  amounta  to 
more  than  one  milligram  daily. 
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Another  method  of  treatment  ia  that  aiming  at  the  oxidation  of  the 
phosphoms  in  the  stomach,  or  at  the  formation  of  nnabsorbable  com- 
pounds. Turpentine  oil  was  formerly  used  with  the  object  of  oxidiz- 
ing the  phosphoruB  or  of  forming  some  compound  with  it  in  the 
stomach,  but  this  treatment  has  proved  quite  valueless  (Plavec). 
Sulnliate^  copper  is  recommended  in  phosphorus  poisoning,  a  large 
dose  being  given  first  as  an  emetic,  and  afterwards  smaller  doses  to 
form  an  insoluble  compound,  copper  phosphide.  Pj^rnHiiif^nnto  af 
;  potassium  Bolutign,  one  per  mille,  has  been  recently  advised  to  oxidize 
the  phospkorus^  while  peroxide  of  hydrogen  solution  is  of  less  value. 
In  the  secondary  stage  alkalies  are  recommended  in  order  to  neutralize 
the  excess  of  sarcolactic  acid  formed  in  the  tissues. 

Phosphorus  necrosis  has  to  be  treated  surgically  on  the  same  prin- 
ciples as  other  necroses  of  bone, 
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ZZX.    ABSEHIO. 

Some  of  the  less  active  preparations  of  arsenic,  such  as  the  sul- 
phides, Rralgar  (As^S^)  and  Orpiment  (Ai'jSg),  have  been  known  in 
therapeutics  since  the  beginning  of  the  Christian  era,  but  this  metal 
was  brought  into  especial  prominence  in  later  times  through  the  fre- 
quent use  of  the  more  dangerous  oxides  in  criminal  poisoning.    Thus 
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tlte  notorious  Aqua  Tofana  of  the  sixteenth  and  seventeenth  centuries 
owed  its  activity  to  the  presence  of  arsenic,  and  various  arsenical  com- 
pounds have  been  used  up  to  the  last  few  years  more  lai^ly  than 
almost  any  other  poison  in  suicide  and  homicide.  This  ia  to  he  ex- 
plained by  their  having  been  widely  employed  in  the  arts,  and  thus 
being  readily  accessible  to  all,  and  by  the  g^ieral  recognition  of  their 
poisonous  natnre.  Of  late  years  intentional  arsenic  poisoning  has  be- 
come somewhat  less  common,  though  on  the  other  baud,  accidental 
poisoning  is  still  met  with  not  infrequently,  especially  in  the  chrwuo 
forms.  Many  of  these  chronic  cases  are  extremely  difficult  to  dia^ 
nose,  and  probably  often  pass  unrecognized  by  the  attending  phy- 
sician. In  view  of  this  fact  it  seems  desirable  that  more  stringent 
measures  should  be  taken  to  reduce  the  use  of  arsenic  in  the  arts,  and 
especially  to  prevent  its  being  brought  in  contact  with  food.  The 
danger  of  the  use  of  the  green  arsenical  dyes,  such  as  Scheele's  Green 
(araenite  of  copper),  and  Schweinfurt's  Green,  or  Paris  Green 
(arsenite  and  acetate  of  copper),  is  now  generally  recognized,  hut 
arsenic  is  still  used  in  the  preparation  of  otber  colora.  and  these  may 
give  ri^  to  poisoning  from  tSe  irfpBWfifl;  removal  of  the  metal.  It 
has  also  been  used  in  dilute  solution  to  preserve  food,  and  a  solution 


ia  often  sprayed  upon  grape  vines  and  otBer  plants  to  preserve  them 
from  the  attacks  of  insects.  Poisoning  has  occurred  from  these  sources 
and  is  difficult  to  dia^ose,  as  it  is  in  some  cases  impossible  to  find  the 
means  by  which  the  arsenic  enters  the  system.  A  widespread  epi- 
demic of  poisoning  in  England  in  1900  drew  attention  to  a  source  of 
arsenic  which  had  not  up  to  that  time  received  the  attention  it 
merited.  Several  thousands  of  persons  suffered  from  arsenic  being 
contained  in  cheap  beers  made  from  glucose,  in  the  manufacture  of 
which  sulphuric  acid  had  been  employed.  The  sulphuric  acid  was 
formed  from  iron  pyrites  containing  arsenic,  and  the  poison  was 
carried  from  the  sulphuric  acid  with  the  glucose  into  the  beer.  Sul-, 
phuric  acid  is  used  in  the  manufacture  of  so  many  drugs,  foods  andl 
other  substances  in  constant  use,  that  this  intimation  that  it  may  con-  j 
vey  arsenic  into  articles  where  its  existence  has  not  hitherto  been  I 
suspected,  is  of  the  gravest  importance. 

Metallic  arsenic  is  insoluble  in  water,  and  passes  through  the 
alimentary  canal  for  the  most  part  unchanged  and  without  action, 
but  it  is  possible  that  small  quantities  may  be  oxidized  to  arsenious 
acid  in  the  stomach  and  intestine  under  some  conditions.  Some 
symptoms  have  been  observed  when  it  is  rubbed  on  the  skin  in  a  state 
of  fine  division,  and  these  are  probably  due  to  its  absorption  in  the 
form  of  an  oxid£.  The  characteristic  "  arsenic"  action  is  induced  by 
the  salts  of  arsenious  acid  (AsOgHg),  and  by  its  anhydride  (AJjOg) 
which  is  often  known  as  arsenic,  and  which  exists  in  the  tissues  aa 
arsenites.  Arsenic  action  is  therefore  due,  not  to  the  element,  but  to 
the  ion  of  arsenious  acid.  The  anhydride  and  salts  of  arsenic  acid 
(HgAsO^)  cause  similar  symptoms,  but  are  less  poisonous  and  act 
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more  slowly  than  thoae  of  arseniouB  aeid,  and  may  proliabl;  owe  their 
effects  to  the  formation  of  arsenites  in  the  tissaee.    The  acti<»t  iKing 
dne  to  the  ion  and  not  to  the  element,  it  necessarily  follows  that  com- 
pounds from  which  the  ion  is  not  liberated  do  not  induce  the  arsenie 
action,  or  do  so  only  when  they  are  changed  to  hodies  which  can  dis- 
sociate the  ars^ious  acid  ion.     Thus  oi^anic  arsenic  combinations  in 
which  the.  metallic  atom  is  directly  attached  to  carbon  axe  only  feebly 
poisonous,  but  in  course  of  time  seem  to  be  changed  to  arsenioua  acid 
in  the  tissues,  and  then  cause  typical  poisoning. 
«        Arsenious  acid,  which  in  the  following  pages  will  be  taken  as  the 
I  representative  of  *'  arsenic "  action,  has  a  somewhat  sweetish  tast^ , 
I  and  is  therefore  not  so  likely  to  be  detected  by  the  victim  as  many  of 
I  the  other  poisons. 

r  Symptoms. — In  large  quantities  arsenie  very  often  causes  no  symp- 
\  toms  for  half  an  hour  or  more,  but  then  the  patient  complains  of  a 
Vfeeling  of  constriction  in  the  throat,  of  difficulty  in  swallowing,  and 
V>f  discomfort  in  the  stomach  r^on.  This  soon  increases  to  violent 
pain,  and  is  accompanied  by  vomiting,  and  later  by  watery  diar^ma. 
The  stools  are  at  first  of  ordinary  diarrh(eic  appearance,  buTHter  re- 
aemble  the  "rice-water"  stools  of  cholera,  in  that  they  consist  almost 
entirely  of  minute  shreds  of  disintegrated  mucous  membrane  sus- 
pended in  a  serous  fluid;  sometimes,  however,  tney  are  clear  and 
gelatinous  in  appearance.  In  some  cases,  Mood  appears  in  the 
vomited  matter  and  also  in  the  stools,  but  this  is  not  by  any  means 

t  invariable  feature.  The  jirine  ia  diminished,  or  entirely  sup- 
ssed,  from  the  great  amonnt  of  fluid  ellmmatea  by  the  stomach  and 
rel.  These  symptoms  from  the  alimentary  tract  are  accompanied 
giddiness,  cramps  in  the  muscles,  headache,  and  soon  by  collapse, 
h  cold  damp  skin,  pallor,  feeble  pulse  and  weak,  sighing  respira- 
1 ;  this  later  passes  into  coma,  and  death  follows  with  or  widioat 
vulsions.  In  cases  in  which  the  dose  is  smaller  than  the  fatal  one, 
or  in  which  much  of  the  poison  is  eliminated  by  vomiting,  the  patient 
may  recover  without  further  symptoms  than  those  already  described. 
FrequMitly,  however,  he  recovers  from  the  acute  symptoms  only  to 
develop  those  of  chronic  arsenical  poisoning.  In  some  instances  it  ia 
said  that  no  symptoms  are  present  except  those  of  collapse  and  coma- 
In  acute  poisoning  death  may  occur  within  24  hours,  but  more  fre- 
quently the  patient  lives  for  2—4  days  longer,  and  then  succumbs  to 
exhaustion.  The  fatal  dose  ia  very  uncertain,  because  arsenie  is  very 
insoluble,  and  much  of  the  poison  may  be  thrown  up  by  vomiting,  or 
pass  out  in  the  stools  unebsorbed.  Thus  in  some  cases,  recovery  has 
followed  after  very  large  quantities,  while  in  others  about  0.1  Q. 
(1^  grs.)  has  proved  fatal. 

Ohrosic  Ajanilc  Pdlsoiilng  may  arise  from  a  single  large  dose,  the 
effects  persisting  for  weeks  or  months  after  the  ingestion  and  new 
symptoms  arising  as  the  earlier  ones  disappear;  more  frequently, 
however,  it  is  induced  by  the  prolonged  absorption  of  small  quantities. 
The  milder  symptoms  may  arise  from  its  therapeiitio  use,  but  typical 
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cases  are  generally  due  to  the  presence  of  arsenic  in  the  form  of  dyes 
in  wall  paper  or  clothes,  or  in  stuffed  animals  in  the  rooms  inhabited 
by  the  victims,  or  to  the  constant  handling  of  arsenical  pigments  and 
other  compounds  in  mines  and  manufactories.  Widespread  poisoning 
has  been  observed  from  the  use  of  wines  containing  arsenic  at  Hyeres 
in  France,  from  milk  diluted  with  arsenical  water  in  London,  and 
from  beer  in  the  Kanchester  district.  In  these  last  cases  the  arsenic 
was  in  solution,  but  it  often  seems  to  be  inhaled  in  the  form  of  fine 
dust,  which  falls  from  the  walls  or  other  objects.  It  has  been  sug- 
gested that  the  arsenic  dyes  are  decomposed  by  microbes  and  the 
volatile  arseniuretted  hydrogen  (AsHg)  inhaled,  but  there  seems  no 
reason  to  suppose  that  this  is  the  case,  and  the  inhalation  of  fine 
particles  is  a  sufficient  explanation. 

The  symptoms  of  chronic  arsenic  poisoning,  which  are  often  very 
obscure,  may  bo  divided  into  three  phases.  In  the  J?rrf  of  these,  the 
patient  complains  of  weakneas  and  languor,  loaa  of  appetite,  some 
nausea  and  occasionaltg^^fltBlTlB^,  witk  a  aensa  of  hRpyiiifffln""'^  i^'n- 
condflEt  in  the  stomach.  Diarrhcea  may  be  present,  but  is  often 
absent,  and  in  fact  some  constipation  may  occur. 

In  the  second  phase  the  conjunctiva  is  often  red  and  inflamed,  and 
symptoms  of  coryza  nppfnr,  'r'^h  "nrnr-'")?!  hnnrpenegs  and  coughiny. 
from  a  ^r^l^;ar^>lH]  ij-^Tn^iT^j^n  (;>f  thp  TtilTftllF  m«ii^lvrar.pa  ftf  the  noaeHnd 
laryna.  Some  swelling  of  the  liver  and  jaundice  may  occur,  but  these 
are  not  generally  well  marked.  Skin  eruptions  of  various  forms — 
papular,  vesicular,  or  erythematous — are  generally  noted ;  very  often 
the  epidermis  falls  oif  in  fine  brownish  scales,  or,  in  the  hands  and  feet, 
in  lai^  flakes  (keratosis)  ;  a  curious  pigmentation  is  very  common, 
the  skin  assuming  a  dark  metallic  color  resembling  in  extreme  forms 
that  produced  by  rubbing'Snead  pencil  upon  it  (arsenic  melanosis). 
This  pigmentation  is  much  more  marked  in  persons  of  dark  com- 
plexion than  in  fair  people,  in  whom  it  may  be  indistinguishable  from 
ordinary  freckles ;  it  generally  disappears  when  the  patient  is  removed 
from  the  poisonous  atmosphere,  but  has  been  permanent  in  some  cases. 
In  prolonged  poisoning  the  eruptions  may  simulate  almost  any  form 
of  skin  disease,  and  the  hair  and  nails  f^l  off.  Herpes  is  not  infre- 
quently observed  and  points  to  nervous  disturbances  such  as  are 
prominent  features  in  the  next  phase. 

These  phases  are  not  always  distinct  in  cases  of  poisoning,  and  very 
often  some  of  the  symptoms  of  the  second  phase  may  appear  before 
any  marked  disorder  of  the  digestive  tract.  In  the  prolonged  thera- 
peutic use  of  arsenic,  the  first  indications  of  commencing  poisoning 
are  redness,  suffusion  and  swelling  of  the  conjunctiva  and  eyelids, 
and  dryness  of  the  noee  and  throat,  as  in  coiyza.  On  the  other  band, 
in  workmen  exposed  to  arsenical  dust,  the  first  symptoms  may  arise 
from  the  skin  or  from  bronchial  irritation. 

The  third  phase  is  marked  by  disturbance  of  sensation  and  motion! 
in  localized  areas,  generally  in  the  bands  and  feet  (peripheral  neu-l 
ritis).     It  is  often  ushered  in  by  intense  persistent  headache  or  by 

D,.lz..L,,L.OOglC 


612  IN0S6ANIC  SALTS,  ACIDS  AND  BASES. 

acute  pain  located  around  Uie  knee,  ankle  or  foot,  less  frequently  in 
the  wrist  and  hand.  The  patient  complains  of  formication  in  the 
extremities,  and  of  the  discomfort  caused  bj  the  pressure  of  the  bed- 
clothes on  the  feet  and  legs.  The  palms  of  the  bandB  and  the  solea  of 
the  feet  are  often  red,  swollen  and  extremely  sensitive  to  touch  (ery- 
tbromelalgia) ,  and  pressure  on  the  muscles  induces  the  most  intense 

I  pain.  Later,  sensory  paralysia  may  set  in,  especially  in  the  extrem- 
ities, and  the  less  acute  sense  of  touch  in  the  feet  and  hands  induoes 
symptoms  resembling  those  of  locomotor  ataxia.  The  sensitiveness  to 
heat  and  cold  may  be  exa^erated  or  dulled,  or  sometimes  heat  is  not 
appreciated,  while  cold  causes  intense  pain.  The  sense  of  pain  varies 
in  different  cases,  in  some  being  abnormally  acute,  in  others  deadened. 
These  aenaory  disturbances  are  followed  in  severe  poisoning  by  motor 
paralysis,  which  generally  appears  in  the  extensor  muscles  of  the  toes, 
later  in  the  peronei  mUBclea.  More  rarely  the  flexor  muscles  of  the 
leg  and  foot  are  involved,  and  in  some  cases  the  afl^ection  commencea 
>  in  the  extensors  of  the  hand  and  fingers.  As  a  general  rule  the 
\  paralysis  is  confined  to  the  extremities,  but  in  some  cases  it  has  been 
I  found  to  invade  the  trunk.  It  is  generally,  but  not  invariably,  sym- 
metrical, and  the  muscles  affected  atrophy  rapidly,  and  contract 
weakly  to  the  galvanic  shock,  not  at  all  to  the  faradic  except  in  the 
beginning  of  the  alTection.  This  lessened  excitability  of  the  muscles 
sometimes  appears  before  the  typical  degeneration  reaction  is  observed 
but  is  then  followed  by  it  later.  The  muscles  are  abnormally  excit- 
able to  mechanical  stimulation,  however,  while  the  t^idon  reflexes  are 
generally  entirely  absent.  There  is  sometimes  some  difficulty  ex- 
perienced in  diagnosing  arsenic  from  lead  paralysis,  but  in  the  former 
there  is  often  a  history  of  acute  poisoning,  while  the  latter  is  almost 
.invariably  due  to  prolonged  absorption.  Disturbances  of  sensaticai 
lare  much  more  common  in  arsenic  than  in  lead  palsy,  and  in  the  latter 
Wie  forearm  muscles  are  generally  affected  first,  in  the  former  those 
of  the  leg.  In  arsenic  poisoning  atrophy  is  said  to  occur  much  more 
rapidly,  and  there  is  no  line  on  the  game.  Another  condition  which 
presents  still  greater  dif&culties  in  diagnosis  is  alcoholic  neuritis. 
But  in  the  latter  skin  eruptions  aro  extremely  rare,  coryza  is  not 
present,  and  there  are  generally  more  marked  brain  aymptwns  than 
in  arsenical  cases.  In  doubtful  cases  the  urine  and  the  hair  of  the 
patient  should  be  tested  for  arsenic. 

Arsenic  paralysis  may  appear  as  early  as  three  days  after  an  acute 
intoxication,  but  is  commonly  observed  later,  and  may  occur  only  after 
3—4  weeks.  Some  authors  have  asserted  that  in  chronic  arsenic  poi- 
soning there  is  a  paralysis  of  the  sexual  powers  (anaphrodisia),  and 
ascribe  this  to  an  action  on  the  nerves  of  the  sexual  organs,  similar  to 
that  observed  in  the  extremities,  but  this  symptom  is  not  by  any 
means  generally  present,  and,  in  fact,  abnormal  sexual  excitement  has 
been  noted  in  some  cases. 

In  very  prolonged  arsenic  poispning  the  patient  may  sink  into  an 
apathetic,  semi-idiotic  condition,  or  may  become  epileptic     In  moat 
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cases  the  symptoma  slowly  disappear  when  the  poison  is  removed,  but 
even  slight  paralysis  may  last  for  many  years  before  it  is  entirely 
cured,  and  (iter  complete  degeneration  of  the  muscles  little  improve- 
ment is  to  be  expected.  The  contractures  which  follow  are  generally 
due  to  the  nnoppoeed  action  of  the  sound  muscles,  but  sometimes  arise 
from  the  shortening  of  the  paralyzed  ones. 

Arsenic  poisoning  generally  occurs  from  the  inhnlptinn  of  particles 
of  the  drug,  or  from  swallowing  noliirinns  nr  pr^-^t-"  But  the  same 
symptoms  have  been  elicited  m  animals  by  Bubcutaneous  or  intra- 
venous injection,  and  some  cases  of  poisoning  in  man  are  recorded  in 
which  the  arsenic  gained  entrance  to  the  body  through  its  application 
Jo  bums  or  other  surfaces  denuded  o£  skin,  or  from  its  application  to 
mucous  membranes,  as  in  the  vagina. 

Action. — The  symptoms  of  af^!flc  poisoning,  as  far  as  the  Alimen- 
tary Oanal  is  concerned,  resemble  those  of  corrosive  poisoning  so 
closely  that  it  was  long  supposed  that  arsenic  had  some  destructive 
effect  upon  albumins,  resembling  that  of  the  acids  and  corrosive 
metals.  Many  attempts  to  form  a  combination  between  proteins  and 
arsenic  have  been  made,  but  have  proved  fruitless ;  arsenites  and  arse- 1 
nious  acid  do  not  coagulate  proteins  or  change  them  in  any  way,  I 
except  when  applied  in  such  enormous  quantities  as  never  reach  the 
stomach. 

The  action  of  arsenic  on  the  alimentary  canal  cannot  be  explained 
as  due  to  any  ordinary  form  of  corrosion,  therefore,  although  the 
symptoms  and  the  post-mortem  appearances  resemble  in  many  points 
those  of  ^e  corrosive  poisons.  Thus  the  mucous  membrane  of  the 
stomach  is  generally  found  red  and  swollen,  either  in  patches  or 
throughout  its  whole  extent.  Hsemorrhages  into  it  are  occasionally 
present,  but  are  not  by  any  means  a  constant  feature.  The  epithelial 
coat  can  be  rubbed  oS  very  easily,  and  is  found  to  be  in  a  state  of 
fatty  degeneration,  and  sometimes  resembles  a  false  membrane.  Where 
arsenic  has  been  swallowed  in  powder,  and  has  remained  in  contact 
with  the  wall  for  some  time,  the  congestion  is  often  marked,  and  here 
even  erosion  may  appear.  In  some  cases  no  congestion  of  the  stomach 
is  met,  the  only  lesion  consisting  in  cloudy  sweUing  and  fatty  deg^- 
eration  of  the  gland-cells,  similar  to  that  mentioned  under  phosphorus. 

The  intestine  presents  very  similar  appearances,  the  mucous  mem- 
brane being  swollen  and  congested,  more  especially  around  Peyer's 
patches.  It  contains  a  quantity  of  thin  fluid  with  flakes  of  membrane, 
resembling  exactly  the  rice-water  stools  of  cholera,  and  in  fact  it  may 
be  difficult  to  distinguish  the  intestine  of  arsenic  poisoning  from  that 
of  cholera.  Small  particles  of  arsenic  are  often  found  in  the  stomach 
and  bowel,  even  after  profuse  vomiting  and  purging.  In  some  cases 
the  redness  and  congestion  extends  up  to  the  throat  and  causes  a  feel- 
ing of  soreness  in  the  mouth. 

This  action  of  arsenic  on  the  alimentary  tract  is  not  due  to  corrosion 
simply,  for  the  same  symptoms  arise  when  arsenic  is  absorbed  from 
the  subcutaneous  tissue,  or  from  the  broken  skin,  though  only  traces 
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of  arsenic  are  found  in  the  contents  of  the  stomach  and  intestine  when 
it  is  injected  in  this  way.  Besides,  arsenic  does  not  change  proteins 
in  solution  as  the  corrosive  poisons  do,  and  csnuot  ther^ore  elicit 

^  typical  corrosion.  Boehm  and  his  pupils  have  8U^;e8t«d  that  the  gaa- 
tro-intestinal  action  of  arsenic  is  due,  not  to  any  direct  action  on  the 
epithelium,  but  to  the  vascular  changes  induced  by  it.  They  suppose 
that  the  extreme  dilatation  of  the  intestinsl  vessels  and  capillaries 
gives  rise  to  the  ccmgestion  and  swelling,  and  this  in  turn  to  the 
destruction  of  the  lining,  membrane,  perhaps  by  the  exudation  of 
fluid  beneath  the  epithelium.  This  transudation  of  fluid  is  certainly 
in  accord  with  the  watery  character  of  the  stools  in  arsenic  poisoning, 
but  the  explanation  does  not  aeem  entirely  aatisfaetory,  for  it  fails  to 
account  for  the  fatty  degeneration  and  the  cloudy  swelling  of  the 
epithelium,  which  are  io  some  cases  the  only  lesions  found  here.  The 
fatty  degeneration  is  not  confined  to  the  stomach  and  bowel,  but 
involves  a  number  of  other  organs,  although  it  is  not  as  a  general  rule 
so  widely  distributed  as  in  phosphorus  poisoning.  Arsenic  then  must 
be  considered  to  have  a  specific  action  in  causing  fatty  degeneration 
of  the  epithelium  of  the  stomach  and  intestine.  This  in  itself  is 
sufficient  to  explain  many  of  the  symptoms  from  these  organs,  although 
it  may  well  be  that  the  vascular  action  is  the  cabse  of  the  excess  of 
fluid  in  the  intestine,  and  in  fact,  the  fatty  degeneration  alone  is  in- 
sufficient to  explain  this  feature,  which  is  abs^it  in  phosphorus 
poisoning.  In  cases  of  poisoning  where  the  arsenic  is  talcen  by  the 
mouth,  and  especially  when  large  quantities  of  dry  arsenious  acid  are 
.swallowed,  the  specific  action  on  the  epithelium  and  the  vascular 
fiction  are  probably  intensified  by  the  direct  contact  of  the  poison. 
In  therapeutic  doses  arsenic  is  said  to  increase  the  appetite  and 
\  promote  digestion,  an  efifect  which  may  perhaps  be  due  to  the  specific 
\action  on  the  epithelium,  this  in  its  milder  forms  proving  of  advantage 
Ho  the  organ,  though  in  excess  it  leads  to  its  degeneration- 
'  The  action  of  arsenic  on  the  Oircnlatlon  has  been  investigated  by 
several  authors,  who  have  obtained  discordant  results.  In  the  itog 
the  heart  is  slow  and  weak,  eventually  becomes  irregular,  and  ceaaee 
in  diastole  after  comparatively  small  doses;  the  action  seems  to  be  a 
direct  paralysis  of -the  muscle.     In  the  mammal  the  heart  is  little 

1  affected  by  arsenic,  but  a  very  marked  fall  of  the  blood  pressure  fol- 
lows the  injection  of  large  doses  intravenously.  This  is  due  to  dilata- 
tion of  the  arterioles  and  capillaries  from  a  direct  action  on  the  mus- 
cular coat;  the  vessels  of  the  splanchnic  area  seem  more  susceptible 
to  this  arsenic  action  than  those  of  the  rest  of  the  body.  The  dilatation 
of  the  mesMiteric  vessels  leads  to  very  marked  congestion  of  the 
stomach  and  bowel,  and  reduces  the  blood-pressure  to  zero.  Some 
evidence  has  been  brought  forward  that  under  arsenic  the  capillaries 
permit  the  passage  of  fluid  into  the  tissues  more  readily  than  nor- 
mally ;  this  may  explain  the  appearance  of  cedema  in  cases  of  poison- 
ing and  also  the  large  amount  of  fluid  in  the  stools  and  vomited 
matter. 
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The  ^ELesplratioii  is  somewhat  accelerated  &t  ^rst  by  the  intravoioTis 
injection  of  small  quantities  of  araenic,  but  afterwards  returns  to  its 
normal  rhythm.  In  cases  of  poisoning  in  man  the  respiration  does 
not  seem  to  be  much  affected  until  late,  but  it  ceases  before  the  heart, 
probably  from  the  exhaustion  and  low  blood-pressure,  and  not  from 
any  specific  action  ou  the  centre. 

The  action  of  arsenic  on  the  Oentral  TXtrtom  System  has  been  re- 
peatedly examined.  A  descending  paralysis  is  elicited  in  the  fn^, 
the  animal  first  losing  its  aptmtaneoua  movements,  and  then  ita  re- 
flexes, and  the  terminations  of  the  motor  nerves  being  involved  only 
very  late  in  the  intoxication.  There  is  no  question  that  the  brain, 
spinal  cord  and  nerve  ends  are  directly  acted  on  in  these  animals,  for 
paralysis  is  elicited  by  arsenic  much  sooner  than  by  arrest  of  the 
circulation  by  excision  of  the  heart.  In  mammals  there  are  generally 
no  certain  indications  of  direct  action  on  the  nervous  system  in  acute 
poisoning,  for  the  weakness  and  prostration,  and  the  final  loss  of 
consciousness  and  coma  may  be  attributed  to  the  exhaustion  from  the 
gastro-intestinal  effects  rather  than  to  the  centres  being  immediately 
affected. 

The  pathology  of  the  nervous  disturbances  observed  in  chronic 
poisoning,  and  often  after  a  single  large  but  not  immediately  fatal 
dose,  bears  no  relation  to  the  effecta  observed  in  animals  in  acute 
poisoning.  The  symptoms  in  chronic  poisoning  all  point  to  peripheral 
neuritis  as  the  cause,  and  the  characteristic  lesions  in  the  nerve  trunks 
have  been  shown  to  occur  both  in  man  and  animals  exposed  to  the 
prolonged  action  of  arsenic.  In  severe  cases  the  spinal  cord  may 
also  be  involved  secondarily.  The  peripheral  muscles  and  nerves  are 
little  affected  in  acute  poisoning. 

.  The  unbroken  Bkln  is  not  affected  by  arsenic,  unless  when  it  is  ap- 
plied repeatedly  or  allowed  to  remain  in  contact  with  it  for  some  time, 
when  it  may  give  rise  to  redness,  pustules  or  vesicles  and  later  to 
violent  erysipelatoid  inflammation.  It  has  not,  however,  any  such  j 
corrosive  action  on  the  skin  as  is  possessed  by  strong  acids,  and  the  1 
subcutaneous  injection  of  arsenic  is  not  painful.  It  is  more  active 
when  applied  to  denuded  surfaces  and  to  the  mucous  membranes, 
destroying  them  to  some  depth  and  causing  acute  pain,  but  even  here 
it  acts  more  slowly  than  ordinary  caustics.  It  seems  to  act  only  upon 
living  cells,  and  unlike  acids  and  alkalies,  forms  no  combinations  with 
the  dead  tissues.  The  local  effects  of  arsenic  on  the  skin  are  seen  only 
in  workmen  handling  arsenic,  as  in  color  factories,  in  which  affections 
of  the  skin  of  the  face,  hands  and  scrotum  are  by  no  means  rare. 

In  arsenic  poisoning  skin  eruptions  are  common,  and  may  be  due 
in  part  to  circulatory  disorders,  but  are  to  be  ascribed  for  the  most 
part  to  the  direct  action  of  the  drug  on  the  skin.  This  appears  to 
accelerate  the  growth  and  proliferation  of  the  epithelium,  which  is 
found  to  be  increased  in  tiiicknees,  but  which  in  very  severe  cases 
shows  signs  of  atrophy  and  degeneration.  Arsenic  has  been  found  in 
appreciable  amount  in  the  hair  and  epidermal  scales,  and  in  the  fluid 


,L.ooi; 


>glC 


'W^"*«^16  INOBOANIC  3ALT3,  ACIDS  AND  BASES. 

of  a  blister  in  patients  treated  with  it,  and  changes  in  the  condition  of 
the  skin  in  animals  have  also  been  ot^erred.  Thus  Ringer  fotind  the 
epidermis  of  the  frt^  peel  off  with  great  ease  when  it  was  poiaoned 
with  arsenic,  and  Kunu  ascribes  this  to  the  softening  of  the  protoplasm 
of  the  deeper  cells  of  the  epidermis;  analc^iis  changes  have  been 
observed  in  the  cornea. 

The  melanosis  of  arsenic  poisoning  seems  to  be  due  to  the  deposi- 
tion not  of  an  arsenical  compound,  but  of  some  organic  product  in  the 
(deeper  layers  of  the  corium.  The  symptoms  of  irritaticai  of  the  mu- 
cous membranes  of  the  eye,  nose  and  larynx  are  analogous  to  the  skin 
eruptions.  ' 

The  action  of  arsenic  on  The  Blood  is  stiU  obscure,  although  it  ia 
frequently  prescribed  in  various  forms  of  ansemia.  In  chlorosis  and 
in  normal  persons,  it  is  said  to  diminish  the  number  of  the  red  oor- 
puselea,  but  not  to  alter  the  total  hiemc^lobin  of  the  blood.  Stockman 
and  Greig  found  the  blood  cells  and  haemoglobin  unaltered  by  arsenic 

Iin  normal  animals,  but  describe  the  bone-marrow  as  evidently  in  a 
state  of  unusual  activity,  indicated  by  its  increased  vascularity, 
greater  number  of  red  blood  corpuscles  and  lessened  fat  cells.  In  a 
case  of  pernicious  anEemia  recenUj  examined  by  Engel,  it  was  found 
that  arsenic  increased  the  number  of  young  newly  formed  red  cells 
while  the  number  of  more  mature  corpuscles  was  diminished.  Bett- 
man  states  that  in  subacute  poisoning  in  rabbits,  the  red  cells  and 
hemoglobin  are  diminished,  and  nu<^eat£d  red  cells  appear  in  tlie 
blood  in  some  number;  he  holds  that  arsenic  acts  on  the  blood,  and 

Ialflo  on  the  blood-forming  organs.  After  heemorrhage  the  blood  is  said 
t»  r^CTierate  more  quickly  if  arsenic  is  given,  and  the  number  of  red 
cells  rises  faster  than  the  hsemc^lobin. 

In  some  casee  of  arsenic  poisoning  Fever  is  observed ;  this  does  not 
seem  due  to  any  specific  action  of  the  drug,  but  to  the  infiammation  of 
the  mucous  membranes  and  the  skin. 

The  MeUboliam  is  affected  by  a  poisonous  dose  of  arsenic  in  the  | 

same  way  as  by  phosphorus,  but  the  alteration  is  not  generally  so 
marked  and  is  liable  to  he  overlooked,  owing  to  the  more  intense 
action  on  the  alimentary  canal.     The  nitrt^n  of  the  urine  is  con- 
siderably greater  than  that  of  inanition,  but  it  is  not  quite  clear 
whether  this  is  due  to  an  increase  in  the  urea  or  to  other  nitrogenous 
\    substances.     The  ammonia  is  probably  augmented,  for  a  considerable 
I   amount  of  lactic  acid  has  be«i  obtained  from  the  urine,  and  the 
j  alkalinity  of  the  blood  is  reduced  owing  to  the  formation  of  this  acid 
I  in  excess.    The  glyct^n  of  the  liver  disappears  entirely,  and  the  liver 
1  seems  incapable  of  forming  it  from  the  sugar  of  the  food.    Lesion  of 
the  medulla  oblongata  (diabetes  puncture)  does  not  cause  glycosuria 
after  arsenic,  but  curara  and  other  drugs  are  still  capable  of  eliciting 
this  symptom.     The  fatty  degeneration  of  the  epithelium  of  the 
\stomach  and  intestine  has  been  mentioned  already,  but  this  alteraticm 
is  not  confined  to  these  tissues,  being  found  in  the  liver  and  kidney, 
/in  the  muscle  cells  of  the  heart,  blood  vessels  and  striated  muscles, 
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and  in  the  lining  epitheJinm  of  the  alveoli  of  the  lungs.  Small 
necrotic  foci  have  been  observed  by  Wolkow  in  the  liver,  along  with 
signs  of  active  division  of  the  parenchymatoTis  cells,  as  in  phospkorus 
poisoning. 

The  changes  in  the  metaboliBm  nnder  arsenic  resemble  those  under 
phosphorus,  so  that  they  have  generally  been  regarded  as  arising  from 
a  similar  action.  But  it  is  found  that  while  phosphorus  accelerates 
autolysis  outside  the  body,  arsuiic  tends  to  delay  it.  And  the  livers 
of  animals  poisoned  with  arsenic  appear  to  contain  less  of  the  decom- 
position products  of  proteins  than  normal.  The  resemblance  is  so 
close,  however,  in  other  respects  that  it  seems  possible  that  these 
divergences  may  be  susceptible  of  explanation. 

T\^  metabolism  is  less  affected  by  arsenic  than  by  phosphorus,  for 
the  fatty  degeneration  is  less  marked  and  less  lactic  acid  is  excreted. 
Nencti  and  Sieber  have  also  shown  that  benzol  can  be  oxidized  t» 
phenol  in  animals  poisoned  with  arsenic,  while  in  phosphorus  poison- 
ing the  tissue  are  unable  to  effect  this. 

The  fatty  degeneration  may  have  the  same  results  as  in  phosphorus 
poisoning.  The  liver  is  somewhat  enlarged  and  the  pressure  on  the 
bile  ducts  prevents  the  escape  of  bile  into  the  intestine,  and  thus 
induces  jaundice  and  the  appearance  of  bite  pigments  and  bile  acid 
in  the  urine.  Jaundice  is  seldom,  however,  a  very  marked  feature  in 
arsenic  poisoning,  and  is  often  entirely  absent.  The  bile  is  said  to 
contain  albumin,  red  blood  cells,  and  casts  as  in  phosphorus  poisoning, 
but  does  not  present  other  changes  except  immediately  before  death. 

The  prolonged  administration  of  arsenic  in  quantities  insufficient 
to  produce  chronic  poisoning  is  reputed  to  have  some  effect  on  the 
OroTth  and  Nntritlon.  It  is  difGcult  to  obtain  accurate  data  in  regard 
to  this  point,  and  while  the  improvement  in  nutrition  is  attested  by  a 
number  of  independent  observers,  other  equally  careful  investigators 
have  not  been  able  to  confirm  their  results.  Gies  treated  some  of  a 
litter  of  young  rabbits  with  arsenic  in  minute  doses  for  several  weeks, 
and  found  that  they  weighed  more,  and  were  larger  in  every  way  than 
the  untreated  animals ;  the  subcutaneous  fat  was  much  greater  in 
amount,  the  bones  were  longer,  and  the  muscles  more  developed.  The 
long  bones  presented  the  appearance  described  by  Wegner  under  phos- 
phorus treatment,  being  longer  and  containing  more  dense  bone  botb 
in  the  shaft  and  the  epiphyses.  Female  rabbits  treated  with  arsenic 
bore  young  of  abnormal  size  and  weight.  Several  other  observers  have 
described  a  more  rapid  growth  and  greater  activity  in  young  animals 
treated  with  arsenic,  and  an  increase  in  weight  is  often  noted  in  man. 
On  the  other  hand  Stockman  and  Greig  observed  no  change  in  the 
growth  of  animals  nnder  prolonged  treatment  with  arsenic,  and  found 
that  the  only  tissues  affected  were  the  growing  bones,  which  appeared 
denser  than  usual. 

The  improvem^t  in  nutrition  has  not  been  explained,  though  a 
slight  decrease  in  the  nitrogenous  excretion  and  in  the  amount  of 
nitrogen  in  the  stools  has  been  noted  by  Weiake,  who  holds  that  more 
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of  the  food  is  utilized  hy  the  digestive  spparatoe,  and  at  the  same 
time,  less  protein  is  decomposed  in  the  tissues.  The  change  in  tlie 
amount  of  nitr(^en  excreted  is  so  small,  however,  that  donbt  maj  be 
entertained  whether  it  may  not  be  due  to  iinavoidable  eirore  in  tlie 
estimation,  and  other  investigators  have  been  unable  to  detect  any 
alteration  attributable  to  the  drug.  Fresh  investigation  of  this  point 
is  thus  required  before  certainty  can  be  reached  regarding  the  effects 
on  the  nutrition,  and  still  more  regarding  the  explanation  of  tlie 
alterations. 

When  small  quantities  of  arsenic  are  taken  habitually,  Tolaramce 
is  established,  and  the  dose  may  be  gradually  increased  until  it  far 
exceeds  that  which  would  be  poisonous  in  ordinary  persons.  This  is 
the  explanation  of  arsenic-eating  which  is  known  to  exist  in  different 
parts  of  the  world,  but  which  is  most  widespread  and  best  known  in 
Styria  and  the  Tyrol.  The  peasants  there  indulge  in  the  poison  habit- 
ually, and  believe  that  it  enables  them  to  work  better,  and  in  par- 
ticular to  climb  the  mountains  with  less  effort  and  less  respiratory 
distress.  They  also  credit  it  with  improving  their  complexions  and 
general  appearance,  and  give  it  to  their  horses  in  order  to  render  their 
coats  more  smooth  and  glossy,  and  to  make  them  stronger  and  fatter. 
UAwVUita.  ]fTmpp  administered  0.4  Q.  (7  grs.)  of  arsenious  acid  to  one  of  the 
peasants  at  Gt&z  without  inducing  any  effects  whatsoever.  Arsenic 
has  also  been  isolated  from  the  urine  of  arsenic  eaters,  showing  that 
some  of  the  drug  is  absorbed.  Arsenic-eating  is  said  to  be  indulged 
in  to  a  considerable  extent  by  young  women  in  some  countries  with 
the  object  of  improving  the  complexion  and  figure,  and  cases  of 
arsenic  habit  have  been  described  in  different  parts  of  America  and 
elsewhere.  As  far  as  can  be  observed  the  habit  is  not  deleterious,  for 
the  Styrian  peasants  live  to  old  age,  and  no  symptoms  attributable  to 
the  poison  have  been  noted.  As  a  general  rule  large  doees  are  taken 
once  or  twice  a  week,  and  no  fluid  is  swallowed  for  some  time  aftei^ 
wards. 

Cloetta  treated  animals  in  this  way  with  dry  arsenic  and  succeeded 
in  obtaining  tolerance  of  large  doses ;  at  first  a  considerable  proportion 
was  absorbed  and  excreted  in  the  urine,  but  as  the  treatment  con- 
tinued, less  appeared  in  the  urine  and  more  in  the  stools.  An  animal 
that  was  not  injured  by  large  quantities  given  by  the  mouth,  suc- 
cumbed to  quite  small  doses  administered  hypodermically.  He  holds 
t  that  the  tolerance  to  arsenic  arises  from  the  absorption  from  the 
j  intestine  decreasing  on  prolonged  use.  No  tolerance  is  attained  when 
I  arsenic  is  injected  hypodermically. 

As  a  contrast  to  the  Styrian  peasants,  the  miners  of  Eeichenstein 
may  be  mentioned,  who  are  constantly  exposed  to  arsenic  owing  to  its 
being  contained  in  large  quantities  in  the  ore.  These  people  are  de- 
scribed by  Geyer  as  shortlived,  very  subject  in  childhood  to  severe 
rickets  and  in  adult  life  to  dropsies  and  respiratory  diseases;  they 
offer  little  resistance  to  microbial  infection  and  frequently  present  the 
skin  and  nervous  symptoms  of  arsenic  poisoning.    Here  the  arsenic  is 

D,.lz..L,L.OOglC 


ASSEHIC.  619 

probably  absorbed  from  the  reepiratory  tract  and  not  from  the  bowel, 
and  this  would  account  for  no  tolerance  being  acquired  if  Cloetta's 
view  is  correct.  Differencea  in  general  nutrition  may  also  play  a  part, 
for  Delepine  and  others  have  found  that  animals  supplied  wiUi  abun- 
dant food  and  in  good  hygienic  conditions  survive  under  chronic 
arsenic  poisoning  much  longer  than  lees  well  nourished  ones.  This 
difFerence  in  the  nutrition  may  also  explain  the  fact  that  in  epidemic 
poisoning,  as  in  the  Manchester  cases,  comparatively  few  of  the 
persona  exposed  to  the  poison  exhibited  any  symptoms  from  it. 

Arsenic  is  Excreted  very  slowly,  some  appearing  in  the  urine  and 
fffices  within  24  hours,  but  only  about  one-fifth  of  that  absorbed  being  ) 
eliminated  in  this  way.     The  rest  is  stored  in  the  tissues  for  a  long   / 
time  and  slowly  got  rid  of  in  the  hair  and  epidermis,  in  which  arsenic   \ 
may  be  found  for  many  months  after  it  has  disappeared  from  the     | 
urine  and  :&ece8.    Traces  may  be  found  in  other  secretions,  and  fatal 
int«xicfttLon  has  been  observed  in  a  child  from  the  milk  of  its  mother, 
who  was  Buffering  from  acute  poisoning.     In  the  urine  arsenic  ap- 
pearB  in  part  in  organic  combinations.    It  is  probable  that  the  effects, 
especially  the  paralysis,  last  long  after  the  drug  has  been  excreted, 
lesions  having  been  induced  which  are  only  slowly  recovered  from. 

Arsenic  disappears  rapidly  from  the  blood  when  injected,  being 
taken  up  by  the  tissues  in  which  it  forms  firm  combinations  with  the 
nudeins ;  it  is  found  chiefiy  in  th^  liver,  and  is  also  deposited  in  the 
kidney,  in  the  walls  of  the  stomach  ajid  iutpatiTn^p  and  in  tba  spleen- 
<mii  Ijingp  MdBll 'smaller  quantities  are  found  in  the  muscles  and  in 
the  nervous  tissues,  in  which  it  is  said  to  occur  in  larger  proportion 
in  the  white  than  in  the  gray  matter.  It  has  been  detected  in  the 
cancellous  bones  of  the  skull  and  vertebrse,  after  it  had  disappeared 
from  all  the  other  organs. 

Arsenic  is  poisouous  to  niKny  of  the  lower  forms  of  life,  as  well  as  to  the 
vertebrates;  thue  it  has  been  found  that  its  presence  in  comparatively  dilute 
Rolution  (one  part  of  arsenious  acid  in  30,000  parts  of  water)  hinden  the 
development  of,  and  eventually  kills  algte  and  the  seeds  of  the  higher  plants. 
On  the  other  hand,  moulds  grow  abundantly  in  a  solution  of  potassinm  arsenite 
(1  per  cent.)  containing  some  oT^anic  matter,  and  the  alcoholic  fermentation 
proceeds  in  the  presence  of  arsenic,  although  it  is  somewhat  retarded  at  first; 
very  dilute  Bolutions  of  arsenic  even  accelerate  the  fermentation,  as  is  true 
of  most  other  antiseptics.  Arsenious  acid  is  only  about  one-tenth  as  strong 
an  antiseptic  as  perchloride  of  mercury,  and  the  spores  of  anthrax  are  de- 
stroyed only  after  ten  days  in  a  one  per  miUe  solution.  It  has  therefore  a 
greater  antiseptic  power  than  many  of  the  other  acids,  but  compared  with  its 
action  on  the  higher  forms  of  life,  it  is  but  slightly  poiBonous  to  the  fungi. 
It  seems  to  have  no  effect  on  the  activity  of  the  ferments,  such  as  pepsin, 
myrosin  and  emulsin.  Some  pathogenic  protozoa  are  extraordinarily  sus- 
ceptible to  the  action  of  araenic;  thus  a  concentration  of  arsenic  in  the  blood) 
of  1  in  300,000  is  sufficient  to  destroy  many  of  the  trypanosomes,  while  other 
protozoa  living  in  water  may  sorvive  in  a  1  in  5,000  solution.  AH  the  para- 
sitic protozoa  are  not  so  readily  destroyed,  however,  for  that  of  malaria  is 
found  to  be  much  more  resistant.  When  an  ""''"■1  infected  with  trypano- 
somes is  treated  with  arsenic,  the  parasites  often  disappear  from  the  blood 
for  some  days  or  weeks  and  then  reappear,  but  can  again  be  expelled  by 
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arsenic,  though  for  a  shorter  time,  the  trTpauosomes  anrviTing  having  devel- 
oped a  certain  resistance  to  the  action  of  arsenic.  This  iosasceptibility  to 
arsenic  is  inherited  by  their  deseendantg  if  a  new  animal  is  infected  from  the 
first  one,  and  arsenic-resistant  generations  ma;  be  propagated  through  many 
hosts.  The  same  process  occurs  when  trypanosomiasis  is  treated  with  other 
remedies ;  in  course  of  time  a  resistant  race  of  parasites  is  generated.  Bat  a 
strain  that  is  resistant  to  arsenic  is  susceptible  to  these  other  remedies,  and 
vice  versa  a  race  resistant  to  trypan-red  is  susceptible  to  arsenic. 

The  arsenates  are  much  less  harmful  to  lowly  organized  forms,  for  seeds 
and  alg»  as  well  as  moulds  grow  iu  a  neutral  solution  abundantly,  and  even 
the  infusoria  do  not  seem  iiHured  by  it  to  any  marked  degree.  Apparently 
these  plants  and  animals  are  incapable  of  reducing  it  to  arseniooa  acid,  and 
are  therefore  not  more  affected  by  it  than  by  other  acids. 

The  bodies  of  persons  poisoned  with  arsenic  are  said  to  remain  nndeeom- 
posed  for  a  remarkably  long  time,  and  to  tend  to  become  mummified.  The 
statement  is  still  disputed,  but  is  vouched  for  by  a  number  of  authorities. 
It  is  certainly  not  invariably  the  case,  and  little  weight  is  to  be  laid  upon 
mummification  in  determining  whether  arsenic  poisoning  was  the  cause  of 
death  in  exhumed  persons. 

No  account  of  the  pharmacology  of  arsenic  would  be  complete  without 
mention  of  the  theory  advanced  by  Bins  and  Schulz  to  explain  its  action. 
They  suppose  that  arsenious  acid  is  oxidised  to  arsenic  acid  by  the  living 
tissues,  and  the  arsenic  acid  again  reduced  to  arsenious.  In  this  way  oxygen 
is  alternately  withdrawn  from  and  supplied  to  the  protoplasm,  and  this  alter- 
nate reduction  and  oxidation  they  suppose  to  be  the  essential  feature  of  the 
action  of  arsenic.  The  grounds  on  which  this  explanation  is  based  most  be 
sought  in  the  numerous  papers  on  the  subject  by  these  authors,  and  it  may 
suffice  here  to  state  that  while  arsenic  acid  appears  to  be  reduced  and  arsenioos 
acid  oxidized  in  the  tissues,  these  processes  are  probably  only  gradual.  Other- 
wise it  would  be  difficult  to  explain  how  arsenious  acid  is  bo  much  more  poi- 
sonous than  arsenic  acid,  for  if  the  latter  were  readily  reduced  to  arsenious 
acid  it  would  be  equally  toxic. 

Arsenic  and  phosphorus  are  included  in  one  group  in  diemistiy, 
and  their  effects  on  living  organisms  present  sufficient  resemblance 
to  justify  their  association   iu   the   pharmacological   system.      The 

1  mucous  membranes  and  the  skin  are  more  affected  by  arsenic,  how- 
ever, and  the  circulation  is  more  rapidly  depressed,  while  the  fatty 
degeneratiou  of  the  protoplasm  of  the  vertebrates  ia  much  more 
prominent  in  phosphorus  poisoning.  The  differences  between  their 
effects  are  more  in  degree  than  in  kind,  and  there  seems  no  question 
that  their  ultimate  action  on  protoplasm  is  of  the  same  nature.  It  is 
to  be  noted,  however,  that  there  is  no  reason  to  suppose  that  phoa- 
\  phoms  owes  its  action  to  any  of  its  numerous  compounds  with  oxygen, 
jwhilo  it  is  probable  that  the  oxides  of  arsenic  alone  are  capable  of 
|modifying  vital  functions. 

The  Snlphnr  Compounds  of  arsenic  are  entirely  insoluble  and  are  therefore 
not  absorbed  as  sndi,  but  it  seems  likely  that  small  quantities  of  arsenious 
acid  are  formed  from  them  in  the  intestine  by  microbes.  Commercial  orpi- 
ment  often  contains  large  amounts  of  arsenious  acid. 

Arseninretted  Hydrogen  (AsH,)  is  an  exceedingly  poisonous  gas,  which 
has  caused  a  number  of  fatal  accidents  from  being  inhaled  accidentally  in 
chemical  laboratories.  One  source  of  danger  is  the  liberation  of  bydr^en 
from  acids  by  the  action  of  zinc,  which  often  contains  arsenic  and  therdore 
gives  rise  to  this  gas.     It  differs  entirely  from  the  oxides  of  arsenic  in  its 
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action,  and  there  is  no  reason  to  suppoBe  that  it  forms  these  in  the  body. 
Possibly  traces  of  arseniuretted  hydrogen  are  formed  from  arsenious  acid  in 
the  intestine,  but  in  inaufQcieut  quantities  to  have  any  appreciable  effect. 
Arseniuretted  hydrogen  acts  as  a  molecule,  AsH^  araenites  as  ions,  and  the 
fact  that  both  molecule  and  ion  contain  an  atom  of  arsenic  does  not  neces- 
sarily entail  that  their  effects  shall  bear  any  resemblance. 

Arseniuretted  hydrogen  acts  by  destroying  the  red  corpoBcles  of  the  blood,  KkUs  "tiui.. 
and  induces  intense  headache,  nausea  and  vomiting,  prostration  and  faint-  v  '' 

ing  fits,  cyanosis  and  collapse.  Hntooglobin,  methffimoglobin,  hnmatin  and 
occasionally  blood  are  passed  in  the  urine,  and  more  rarely  the  stools  contain 
blood.  Sometimes  the  urine  is  entirely  suppressed  from  the  tubules  being 
plugged  with  blood  cells  and  d£bris,  and  intense  icterus  appears  from  the 
formation  of  excess  of  bile  pigment  from  the  htemt^lobin  of  the  disinte- 
grated corpuscles.  (Edema  of  the  lungs  or  sudden  failure  of  the  heart  is  tba 
cause  of  death.  Some  of  the  gas  is  excreted  by  the  lungs,  and  may  be  ree- 
<^;nized  by  its  garlic  odor,  and  some  arsenic  appears  in  the  nrine,  but  it  is 
not  known  in  what  form. 

A  number  of  Organic  Arsenic  OomponndB  have  been  used  in  therapeutics. 
The  earliest  of  these  was  sodium  cacodylate  ((CH,)^OONa),  which  is  rela- 
tively feeble  in  action,  as  it  does  not  release  Uje  arsenious  ion  except  in  very 
small  amounts  in  the  tissues.  Most  of  the  cacodylate  is  thus  eliminated  on- 
changed  in  the  urine,  some  may  be  reduced  to  the  eaeodyl  oxide  and  excreted 
in  this  form,  while  a  small  proportion  is  apparently  changed  to  the  inoi^anic 
form  and*  exercises  the  typical  arsenic  action.  The  amount  which  undergoes 
this  transmutation  is  nnknown  and  probably  varies  so  that  cacodylate  is  not 
practically  useful.  Arrhenal  (CH,As(ONa),]  resembles  the  cacodylate  in 
action. 

Atoxyl,  or  sodium  arsanilate  (NH,C^,OAs<  n-^)  has  recently  been  used 
extensively  in  tiypanosome  infections,  in  which  it  seems  to  present  some 
advantages  over  the  inorganic  arsenic  salts.  It  is  absorbed  rapidly  and  cir- 
eulates  in  the  blood  longer  than  the  arsenites,  which  are  taken  up  by  the  tissues 
rapidly  and  thus  can  exert  only  a  transient  action  on  parasites  living  in  the 
plasma,  Atoxy!  is  excreted  in  the  urine  for  the  moat  part  unchanged,  but  a 
small  proportion  undergoes  decompoaitioa  and  is  believed  to  liberate  the 
arsenious  ions.  Trypanosomes  are  not  affected  by  atoxyl  outside  the  body 
more  than  by  many  other  substances,  and  there  has  been  some  discussion  as  to 
how  its  specific  action  arises  in  the  body.  Ehrlich  holds  that  it  is  partially 
reduced  in  the  tissues  and  that  the  product  of  reduction  is  the  active  trypano- 
cide,  and  he  has  shown  that  such  reduced  bodies  act  very  powerfully  on 
trypanosomes  in  test-tube  experiments;  on  the  other  hand,  it  has  not  been 
proved  that  this  reduction  occurs  in  the  tissues.  Others  believe  that  the 
inorganic  arsenic  formed  from  atoxyl  is  the  active  agent,  and  there  is  no 
question  that  inoi^anic  arsenic  destroys  the  parasites  both  in  the  blood  and 
in  the  test-tube;  the  more  powerful  action  of  the  small  quantities  of  arsenic 
liberated  from  atoxyl  in  the  body  may  perhaps  be  explained  by  its  being 
freed  in  the  blood  or  in  the  interior  of  the  parasite  into  which  the  atoxyl 
has  penetrated,  while  inorganic  arsenic  leaves  the  blood  very  rapidly.  Strong 
evidence  in  favor  of  the  view  that  atoxyl  acts  in  virtue  of  its  liberating  arsenic 
is  offered  by  the  observation  that  trypanosomes  which  have  become  resistant 
to  atoxyl  have  also  a  low  susceptibility  to  arsenic.  In  a  number  of  cases  atoxyl 
has  given  rise  to  poisoning  in  man,  the  symptoms  being  dryness  of  the  throat, 
headache,  ^ddiness,  fever,  colic,  vomiting  and  diarrhcea,  nephritis  and  paresis 
of  the  lower  limbs;  the  most  serioos  effects,  however,  are  disturbance  of  vision, 
which  may  advance  to  total  and  permanent  blindness.  In  animals  ataxia  and 
tremors  are  seen,  especially  in  the  cat,  and  renal  bffimorriuiges  in  the  dog. 
Blindness  has  also  been  induced  experimentally  in  animals,  and  is  found  to 
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arise  from  degeneration  of  tlie  ganglion  cells  of  the  retina  and  of  the  fibres 
of  the  optic  nerve.  These  symptoms  are  not  those  ordinarily  induced  by 
arsenic  in  chronic  poisoning,  and  it  has  been  sn^ested  that  the  aniline  com- 
ponent is  responsible  for  them,  but  this  does  not  seem  probable;  and  they 
often  sapervene  after  atoxyl  has  been  discontinued,  so  that  it  seems  improl^ 
able  that  this  substance,  which  is  so  rapidly  eliminated,  is  itself  the  agent. 
It  seems  possible  that  these  symptoms  are  again  the  result  of  the  anenie 
liberated  from  the  atoxyl,  and  that  they  are  different  from  those  ordinarily 
seen  under  arsenic,  because  the  arsenic  is  liberated  in  unusual  parts  of  the 
body,  owing  to  the  atoxyl  penetrating  where  the  inorganic  forms  fail  to  reach. 

Fbepabatioits. 

Abbkni  TBiozmiru  (U.  S.  P.),  Acidok  Akseniosuu  (B.  P.)    (As,0,), 
aisenous  or  arsenions  acid  anhydride,  white  arsenic,  lytahMie,  forms  a  white 
powder,  or  opaque,  porcelain-like  masses,  or  a  transparent,  amorphons  sur- 
face like  glass.    It  diiiBp|vyii  glpwly  in  cold  water,  the  glassy  variety  requiring- 
about  thirty,  the  porcelain  al>oul:  ei^ty  parts  of  water.    It  is  almost  Uetfilfi^s 
and  l^a^  no  odor.    1-5  mgs.  t  A-yn  gr.),  in  pill  or  solution,  after  meals.    The 
"  Asiauc^'  pHi  consists  of  aralUic,  black  pepper  and  liquorice, 
v       Liquor  Acidt  AraenMi  (U.  S.  P.),  lAquor  Areenici  Ht/droehlorieus  (B.  P.), 
a  one  per  cent,  solution  of  arsenous  acid  aciditlated  with  hydrochloric  acid. 
0.05-0.5  c.c.  (1-8  mins,),  3-5  drops  three  timea  daily,  after  meals. 
I    v-      LiQDOB  PoTABsn  ARSENiTia   (U.  S.  P.),  LiQUOB  Absknicalis  (B.  p.), 
tU'n^*'       Fowler's  solution,  contains  one  per  cent,  of  arsenous  acid  neutralized  yrith 
Ji5—  iJ^C    bicarbonate  of  potash,  to  which  compound  tincture  of  lavender  is  added  to 
*  give  color  and  favor.    0.05-0.5  c.c.  (1-8  mins.),  3-5  drops  three  times  daily, 

after  meals. 

Sodii  Arsenaa  (U.  S,  P.)  (Na,HA80j  + 7H,0)  forms  colorless,  odorless 
crystals,  very  soluble  in  water,  with  a  mild,  alkaline  taste.  1-5  mgs.  (Vr^^g^O- 

Sodii  Araenaa  (B.  P.),  Sodii  Artenaa  Exaiccatua  (U.  S.  P.)  (Na^AaO.), 
is  prepared  from  the  ordinary  arsenate  (U.  S.  P.)  by  driving  ofF  the  water  of 
orygtallization,  and  forms  a  white  powder.    ?V-A  gr. 

lAquor  Sodii  Araenatia  (U.  S.  P.,  B.  P.),  Pearson's  solntion,  a  one  per  eent. 
solution  of  the  sodium  arsenate  of  the  respective  pharmacopoeias.  0.05-0.5 
ca.  (1-8  mins.). 

^r^ent  lodidum  (TJ.  S.P.),  J-rsentt  lodidum  (B.  P.)  (Aal,),  glossy,  onnge- 
red  crystals  with  an  iodine  odor  and  slowly  giving  oS  iodine  in  the  air;  it  is 
soluble  in  7  parts  of  water,  bnt  the  solution  soon  decomposes  into  arsenous 
and  hydriodic  acids.  3-10  mgs.  (^j-i  gr.). 
•^  LiqnoB  Arseni  (AsBENn,  B.  P.)  et  HTDaAROTRi  Iodidi  (U.  S.  P.,  B.  P.), 
Donovan's  solution,  contains  one  per  cent,  of  arsenic  iodide  and  one  per  cent. 
Q<5'~  ,b  of  red  mercuric  iodide.  This  solution  is  dear  and  yellowish,  without  odor^ 
but  with  a  harsh  metallic  taste.    O.OS-O'.S  c.c.  (1-8  mins.],  after  meals. 

Some  mineral  waters  contain  arsenic,  that  of  Levico  as  much  as  8  mgs. 
per  litre. 

Atoxyl,  sodium  arsanilate  (C^,NABO,Na),  is  a  white  crystalline  powder 
containing  27.2  per  cent,  of  arsenic  metal,  soluble  in  six  parts  of  water  or 
about  125  parts  of  alcohol.  It  has  a  faint  saline  taste.  Dose  hypodeimically, 
0.1-0.3  G.  (li-5  gTB.)  per  day  in  10  per  cent,  solution. 

A  number  of  other  arsenic  compounds  similar  to  atoxyl  have  been  tested 
recently  in  trypanosomiasis  and  other  diseases.  Of  these  Soamine  is  prac- 
tically identical  with  atoxyl,  differing  only  in  the  amount  of  water  of  crystal- 
lization. Artacetin  is  acetyl-atoxyl  (CH,CO— NHC^.OAsOHONa),  and 
resembles  the  parent  substance  closely  in  effects.  Araettopkenylglyan  is 
stated  by  Ehrlich  to  be  superior  to  atoxyl,  bat  has  not  yet  received  adequate 
examination. 
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ThATftpentic  Uses.^ — The  action  of  arsenic  as  ascertained  from  experi- 
ments on  the  lower  animals  and  from  cases  of  poisoning  in  man  throws 
little  light  on  its  nse  in  therapeutics,  and  so  little  is  known  of  the 
pathology  of  most  of  the  conditions  in  which  it  is  found  of  benefit, 
that  no  attempt  can  be  made  to  bring  the  two  series  of  observations 
into  relation.  The  treatment  of  trjpanosoma  infections,  such  as 
sleeping  sicknesB.  with  arsenic  and  its  compounds  has  given  rise  io 
the  idea  tliat  many  of  the  conditions  in  which  arsenic  is  useful  may 
arise  from  protozoal  infectioa.  But  there  is  no  question  that  arsenic 
acta  in  othe/waya  tnan  ty  destroying  parasites,  and  such  speculation 
is  futile  until  the  catise  of  these  diseases  has  been  determined. 

Arsenious  acid  has  been  used  externally  as  a.  caustic,  formerly  in 
various  forms  of  malignant  disease,  more  recently  in  lupua,  in  which 
it  is  said  to  destroy  the  diseased  surface  while  leaving  the  healthy  skin 
unaffected.  It  has  been  superseded,  however,  by  the  introduction  of 
surgical  measures,  such  as  scraping  with  the  sharp  spoon.  Arsenic  in 
substance  is  still  used  in  dentistry  to  destroy  the  pulp  in  decayed  teeth. 

Internally  arsenic  is  used  in  malarial  disease,  especially  in  invet- 
erate cases  in  which  there  is  much  cachexia.  In  acute  cases  it  is  also 
of  benefit,  but  is  much  less  certain  in  its  effects  than  quinine,  and  it 
is  very  qnestionable  whether  it  acts  on  the  malarial  organism,  for  its 
efficacy  often  seems  due  rather  to  its  improving  the  general  nutrition 
and  lessening  the  cachexia  and  wasting.  !U&ny  authorities,  in  fact, 
deprecate  the  use  of  arsenic  in  acut«  malaria,  and  would  limit  its  use 
to  the  cachexia  of  old  disease,  while  others  advise  its  use  with  iron  in 
ordinary  casea,  after  the  acute  stage  has  been  successfnlly  treated  with 
quinine. 

Arsenic  has  also  been  used  with  benefit  in  Tmnrnlgin,  especially 
when  it  assumes  a  periodic  character,  and  in  chronic  rheumatism,  but 
in  many  cases  no  definite  improvement  follows,  and  the  conditions 
under  which  it  is  of  value  cannot  be  more  accurately  defined  at  the 
present  time.  Old  cases  of  chQfga  often  improve  under  arsenic,  which 
may  imply  some  action  on  the  central  nervous  system,  although,  as 
has  been  stated,  little  alteration  in  the  nervous  functions  is  observed 
in  animals  except  under  very  large  doses.  Asthma  has  also  been 
treated  with  arsenic  given  by  the  stomach,  or  by  the  inhalation  of 
arsenic  from  smoking  cigarettes  made  with  arsenical  paper. 

Small  doses  of  arsenic  are  often  of  service  in  increasing  the  appe  ■ 
tite  and  improving  tiie  general  condition  in  diseases  accompanied  by  I 
cachexia,  want  of  appetite,  general  weakness  and  apathy. 

In  pernicious  antemia,  arsenic  is  said  to  be  beneficial,  but  the  im- 1 
provement  is  only  temporary.  Many  forma  of  skin  disease  are  treated  I 
with  arsenic,  some  of  them  with  the  happiest  results.  Thus  in  psori- 
asis, chronic  eczema,  and  lichen  ruber,  marked  improvement  or  com- 
plete recovery  often  dates  from  the  beginning  of  the  arsenic  treat- 
ment. It  is  generally  advised  only  in  the  chronic  forms,  and  is  said 
to  be  positively  deleterious  during  the  earlier  stages  of  rapid  cell 
proliferation. 
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In  lymphoina  arsenic  has  been  given  internally  and  also  by  direct 
injection  into  the  tnmors,  and  often,  thongh  not  by  any  means  invari- 
ably, proves  of  value.  Various  other  forms  of  leucsmia  have  been 
treated  with  less  success. 

Arsenic  has  been  used  in  some  forms  of  trypanosoma  infection  in 
animals,  and  has  been  found  to  improve  similar  conditions  in  man. 
The  ordinary  preparations  are  less  often  used  than  atoi^l  and  related 
anbetances,  but  the  trypanoeomes  show  less  tendency  to  become  resis- 
tant to  the  inoi^anic  forms  and  it  is  now  recommended  that  these 
diseases  should  be  treated  by  both  inorganic  and  organic  compounds. 
Arsenic  and  atoxyl  are  undoubtedly  of  great  benefit  in  these  diseases, 
relieving  the  symptoms  and  prolonging  life  even  in  those  cases  in 
which  they  do  not  actually  cure  the  infection.  The  specific  effect  of 
arsenic  in  trypanosomiasis  has  suggested  that  its  action  in  malaria 
may  be  due  to  its  destroying  the  parasite.  And  similar  considera- 
tions have  led  to  the  treatment  of  syphilis  with  ato^iyl  in  the  hope  that 
it  might  exterminate  the  parasite  here  also.  It  has  proved  of  value 
in  this  disease,  but  is  not  to  be  compared  with  mercury  and  iodide  in 
efficacy,  and  its  use  is  only  indicated  in  cases  where  these  fail  or  for 
any  reason  are  inadmissible. 

Arsenic  is  in  the  great  majority  of  cases  prescribed  in  the  form  of 
Fowler's  solution.  It  is  generally  advisable  to  commence  with  small 
doses,  and  to  increase  them  as  tolerance  is  developed,  but  some  au- 
thorities advise  large  doses  from  the  outset.  Arsenic  is  always  pre- 
scribed to  be  taken  after  meals,  in  order  to  avoid  any  possible  action 
on  the  digestion.  Several  authors  have  recommended  the  hypodermic 
injection  of  Fowler's  solution  diluted  with  two  parts  of  water.  (Dose 
0,5  C.C.,  8  mins.)  Arsenic  is  contraindicated  in  cases  of  irritation  of 
the  stomach  and  bowel,  and  is  generally  avoided  during  acute  fever, 
except  in  malaria. 

If  symptoms  of  chronic  poisoning  begin  to  assert  themselves,  the 
drug  must  be  discontinued  at  once.  The  first  symptoms  are  generally 
diaDr<^ered  die^g^inn.  \q&s  of  appetite  and  discomfort  injhe  stomadi 
rMpoD,  a  feeling  of  constriction  innfe  throat  and  redness  and  BweTIing 
of  t_hajCEJuPctiva  and  eye^ma.  ' 

'u  Acute  Aiaanfc  FDiaoninK  the  stomach  ought  to  be  emptied  at  once 
by  means  of  the  stomach  tube  or  by  an  emetic  (apomorphine) .  The 
stomach  washing  is  to  be  continued  for  some  time,  as  arsenic  is  very 
insoluble.  Iron  or  magnesium  preparations  have  been  advised  in 
order  to  form  a  loose  chemical  combination  with  the  arsenic ;  freshly 
precipitated  iron  hydrate  formed  by  adding  magnesia  to  a  solution 
of  iron  sulphate  forms  the  well-known  arsenic  antidote,  or  magnesia 
alone  is  sometimes  given  shaken  up  with  water.     Experiments  on 

I  animals  show  these  antidotes  are  useless  and  that  reliance  is  to  be 

I  placed  on  repeated  and  copious  lavage  only. 

'       The  collapse  is  treated  by  the  ordinary  measures,  warmth  and 
stimulants,  such  as  caffeine  and  digitalis.     In  chronic  poisoning,  the 
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paralyeis  is  treated  by  stimulating  the  muBcles  with  the  galvanic  ciu^l 
rent,  the  other  Bymptoms  by  suitable  general  treatment. 
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PART  IV. 

THE  HEAVY  METALS. 
HEAVT  METALS. 

A  tABGE  number  of  important  drugs,  belonging  to  the  chemical 
series  of  heavy  metals  resemble  each  other  so  closely  in  their  action  in 
living  organisms  that  they  may  be  readily  grouped  together  in  a  divi- 
sion of  the  pharmacological  system.  Some  authors  include  in  this 
series  arsenic  and  antimony,  but  the  former  presents  so  many  anal- 
ogies to  phosphorus  in  its  effect  that  it  is  preferable  to  treat  it  apart 
from  the  heavy  metals.  Antimony  is  certainly  as  closely  related  to 
arsenic  as  to  this  group,  and  may  be  regarded  as  a  connecting  linlc 
between  them. 

The  metals  as  such  do  not  induce  any  symptoms  except  from  their 
mechanic"  I  pf^pp^t^fH.  ThnR  Tnarpury  Tnay  >»  gwallffTypH  in  large 
']"''"*'*'"n  •mT*^"TitcHnsing  mercurial  poJHOTn'ng,  jti^I  rUvct  ft]-  wtpper 
CQins  are  eouallv  dpvniri  oJ  pfFp"^  °°  p^'°"Tni  "  They  are  active  only 
when  they  are  capable  of  dissociation  into  ions  of  the  metal  or  of  an 
oxide.  Thus  potassium  ferrocyanide  does  not  cause  any  symptoms 
of  iron  poisoning  when  it  is  injected  into  a  vein,  because  the  iron 
passes  through  the  body  undissociated,  and  any  effects  are  due  to  the 
ferrocyanide  ion  and  not  to  the  iron.  In  the  same  way  compounds  of 
the  metals  with  ethyl  and  methyl,  such  as  lead  triethyl,  have  an  action 
quite  different  from  that  of  lead,  as  long  as  they  remain  undecom- 
posed  in  the  tissues,  but  eventually  induce  metallic  poisoning,  as  they 
are  broken  up  into  bodies  from  which  the  lead  or  lead  oxide  ion  can 
be  dissociated. 

The  action  of  the  heavy  metals  consists  of  two  parts,  the  local 
effects  induced  at  the  point  of  application,  and  the  general  effecta 
which  follow  the  absorption  of  the  poison  into  the  blood  and  tissues. 
Either  of  these  may  be  produced  alone  by  suitable  preparations  and 
modes  of  administration,  and  they  are  to  be  regarded  as  entirely  inde- 
pendent of  each  other. 

Tho  LocaI  Action  of  the  heavy  metal  series  Is  due  to  the  formation  ■ 
of  protein  combinations.  When  the  salt  of  the  heavy  metal  is  added! 
to  a  solution  of  egg  albumin,  or  similar  protein,  a  precipitate  is  at 
once  formed  of  metallic  albuminate.  The  proteins  apparently  play 
the  role  of  acids,  forming  insoluble  salts  with  the  metals,  but  liiese 
salts  are  not  generally  of  definite  chemical  composition,  for  the  per- 
centage of  metal  contained  in  the  albuminate  usually  varies  within 
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wide  limits;  in  some  cases,  however,  definite  compouuds  have  heen 
formed. 

The  albumin  displaces  the  original  acid  of  the  salt,  which  may  be 
entirely  removed  by  prolonged  waehiag.  The  alhuminates  of  the 
metals  are  insoluble  in  water,  but  most  of  them  are  soluble  in  exeeas 
of  protein  or  of  the  metallic  solution,  and  many  of  them  may  be 
dissolved  in  solations  of  neutral  salts  such  as  chloride  of  sodium.  In 
the  albuminates  formed  by  the  addition  of  salts  to  protein  sohitiona, 
the  metals  are  combined  in  the  same  way  as  in  inorganic  salts,  and 
may  be  detected  by  their  usual  reactions.  Thus  iron  albuminate  is 
rapidly  blackened  by  the  presence  of  ammonium  sulphide,  because 
ferrous  sulphide  is  formed  from  it  exactly  as  from  any  of  the  inor- 
ganio  salts.  On  subjecting  these  albuminates  to  certain  chemical 
manipulations,  however,  the  metal  seems  to  become  more  firmly 
attached  to  the  protein,  for  ammonium  solphide  acts  on  it  much  more 
lowly.  The  metal  is  then  said  to  be  masked,  becanse  its  presence  is 
not  so  readily  detected  as  in  ordinary  combinations.  Partially 
masked  preparations  have  been  formed  artificially,  but  in  the  body 
the  process  is  carried  much  further,  for  in  many  of  their  protein 
compounds  the  metals  cannot  be  detected  by  any  of  the  ordinary  testa, 
however  long  the  reagents  may  remain  in  contact  with  them,  and 
their  presence  is  recognized  only  when  the  protein  is  destroyed  by 
beat  or  other  similar  agencies. 

When  a  solution  of  a  metallic  salt  comes  in  contact  with  a  living 
tissue,  such  as  the  mucous  membrane  of  the  mouth  or  stomach,  the 
Albuminate  is  at  once  formed,  and  the  acid  with  which  the  metal  was 
■combined  is  set  free.  The  more  completely  dissociated  the  ions  of 
the  salt  are,  the  more  rapid  is  the  reaction  with  protein,  and  the  more 
intense  the  local  action.  Thus  the  more  readily  ionized  inorganic 
salts  act  more  strongly  than  the  organic  ones  which  are  slowly  disso- 
ciated, and  these  in  turn  are  more  liable  to  cause  marked  local 
changes  than  the  double  salts,  which  are  dissociated  with  difficulty.* 
Other  factors  determining  the  nature  of  the  local  action  are  the  char- 
acter of  the  precipitate  and  the  activity  of  the  acid  formed,  the  latter 
again  varying  with  the  extent  to  which  it  is  dissociated  into  ions ;  it 
therefore  exercises  the  same  astringent  or  corrosive  effects  as  if  it  had 
been  applied  uneombined,  but  its  action  may  be  modified  by  the  pres- 
ence of  a  layer  of  metallic  albuminate  protecting  the  surface.  Thus 
when  a  weak  solution  of  lead  acetate  is  applied  to  a  mucous  mem- 
brane, the  metal  forms  an  albuminate  with  the  proteins  lying  on  the 
surface  and  in  the  more  superficial  parts  of  the  cells.  This  albumin- 
ate forms  a  continuous  sheet  over  the  mucous  membrane,  and  the  very 
dilute  acetic  acid  formed  is  incapable  of  inducing  any  reaction.  If  a 
stronger  solution  be  applied,  however,  the  metallic  precipitate  extends 
more  deeply  into  the  cell,  while  the  acetic  acid,  being  more  concen- 
trated, exercises  some  irritant  action.  As  the  concentration  incTeasee> 
'PoNli.    Bedentung  der  lonentbeorie  (.  d.  ph^aL  Chemie,  IBOI. 
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the  deeper  parts  of  the  epithelial  cells  are  coagulated,  and  at  the  same 
time  the  acid  becomps  more  destructive,  so  that  eventually  the  super- 
flcial  layer  of  the  epithelium  is  killed  and  the  deeper  layers  are 
attacked.     The  acetate  of  lead  may  thus  act  as  an  astringent,  covering  > 
a  mucous  surface  with  a  protective  pellicle  of  insoluble  albuminate,  ? 
as  an  irritant,  which  induces  an  increase  in  the  circulation  of  the  / 
part,  a  more  rapid  division  of  the  cells  and  an  effusion  of  liquid,  or  C 
as  a  corrosive,  involving  the  superficial  layer  of  cells,  and  sometimes  S 
even  the  deeper  ones  in  its  destructive  effects. 

When  the  nitrate  of  lead  is  applied,  the  astringent  effect  is  much  i 
less  evident,  the  irritant  and  corrosive  more  marked,  because  the  salt  \ 
is  more  readily  dissociated  and  the  reaction  is  therefore  more  rapid,  I 
and  in  addition  the  nitric  acid  is  much  more  corrosive  than  acetic  I 
acid.  The  same  metal  attached  to  different  acids  may  therefore  I 
induce  very  different  effects,  in  the  one  case  acting  chiefly  as  an  | 
astringent,  in  the  other  as  an  irritant  and  corrosive. 

The  character  of  the  precipitate  formed  also  determines  to  some 
extent  the  local  action  of  the  metallic  salts.  Thus  the  salts  of  jasr- 
cury  are  more  irritant  and  corrosive  than  those  of  the  other  metals, 
partly  perhaps,  because  the  precipitate  is  less  continuous  and  more 
loose  and  flaky,  partly  because  it  is  soluble  in  excess  of  protein,  and 
therefore  allows  the  unattached  molecules  to  penetrate  deeply,  while 
the  lead  albuminate  remains  on  the  surface  of  the  membrane.  The 
metals  also  differ  in  their  toxicity,  and  a  trace  of  mercury  is  suffident 
to  kiU  a  cell,  whereas  a  larger  amount  of  lead  may  be  absorbed  by  it 
without  injury. 

In  addition  salts  which  have  a  very  strong  affinity  for  water  with- 
draw fluid  from  the  cells,  and  thus  act  more  strongly  on  them  than 
others  which  have  not  this  character ;  for  example  dried  alum  is  much 
more  destructive  to  the  tissues  with  which  it  comes  in  contact  than 
alum  containing  its  ordinary  water  of  crystallization. 

The  different  metallic  salts  therefore  vary  in  their  local  action 
within  wide  limits — from  the  formation  of  mildly  astringent  mem- 
branes to  the  production  of  widespread  necrosis  and  destruction  of 
tissues. 

The  insoluble  salts  come  into  less  intimate  contact  with  the  tissues, 
and  have  much  less  effect ;  but  many  of  them  are  slowly  formed  into 
albuminates  and  may  then  act  as  irritants  or  astringents. 

The  most  powerful  corrosive  salts  of  any  metal  are  those  which  are 
most  rapidly  dissociated  into  ions,  that  is,  the  chlorides  and  nitrates, 
provided  they  are  soluble.  The  sulphates  are  much  less  irritant, 
because  they  are  less  readily  dissociated,  and  perhaps  because  the  sul- 
phuric acid  may  fail  to  penetrate  the  cells  owing  to  its  being  less 
volatile  and  its  anion  having  less  permeating  power  than  that  of 
hydrochloric  or  nitric  acid.  (See  page  542.)  The  iodides  and 
bromides  are  generally  regarded  as  less  irritant  than  the  chlorides, 
but  are  less  frequently  used  and  less  well  known. 
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The  least  corroeive  of  the  salts  of  the  metals  are  those  formed  with 
the  elowlj  dissociated  organic  acids,  such  as  the  acetates,  tartrates  or 
citratee.  When  these  are  united  with  a  metal  which  in  itself  is  not  a 
very  active  poison,  such  as  lead,  they  are  almost  purely  astringent. 
On  the  other  hand,  the  acetate  of  silver  or  of  mercury  tends  to  be 
irritant  and  corrosive,  from  the  poisonous  action  of  these  metals  on 
the  tissues.  In  any  case,  the  acetates  are  less  irritant  than  the  coiTe- 
sponding  chlorides  and  nitrates,  provided  these  are  equally  soluble. 

The  local  action  also  varies  in  the  same  salt  of  different  metals. 
Lead  is  the  most  astringent  of  the  metals  ordinarily  used  in  solution, 
while  mercury  salts  have  little  or  no  astringent  action,  owing  to  their 
specific  poisonous  action  on  the  cells.  Iron  and  alum  approach  most' 
nearly  to  lead,  then  copper,  zinc  and  silver,  and  at  a  longer  interval 
mercury. 

It  is  impossible  to  arrange  the  metallic  salts  as  either  astringents  or 
irritants,  because  in  every  instance  the  effect  varies  with  the  concen- 
tration, and  with  many  other  features,  such  as  the  condition  of  the 
surface  to  which  they  are  applied,  and  the  quantity  of  protein  with 
which  they  come  in  contact  before  they  actually  reach  the  living 
membrane. 

Of  the  salts  in  common  use,  the  most  astringent  are  lead  acetate 
and  alum ;  the  most  irritant  are  the  percUoride  and  the  nitrate  of 
mercury,  the  chlorides  of  zinc,  copper,  tin  and  antimony,  while  the 
chlorides  of  iron,  sulphates  of  copper,  zinc,  iron  and  manganese,  the 
acetates  of  copper  and  zinc,  and  the  nitrates  of  silver  and  lead  are 
astringents  when  applied  in  very  dilute  solution,  but  tend  to  irritate 
and  corrode  in  large  quantities.  In  most  cases  the  effects  of  the  last 
group  are  made  up  of  a  mixture  of  astringent  and  irritant  action. 

The  insoluble  preparations  of  mercury  tend  to  irritate  and  corrode 
the  surfaces  to  which  they  are  applied,  but  the  insoluble  salts  of  the 
other  metals  are  generally  astringent.  It  is  difficult  to  determine 
how  far  the  so-called  astringent  and  protective  action  of  these  insolu- 
ble substances  is  due  to  the  formation  of  albuminates,  and  bow  far  to 
their  acting  mechanically  as  protective  coverings  over  irritated  sur- 
faces, but  the  latter  factor  is  undoubtedly  the  more  important  in 
many  instances. 

The  precipitation  induced  by  the  astringents  involves  only  the  sur- 
face layer  of  cells,  but  the  membrane  formed  protects  the  part  from 
mechanical  and  chemical  irritation,  and  thus  lessens  congestion  and 
inflammation.  In  addition  several  authors*  have  found  that  the 
astringent  salts  contract  the  vessels  of  the  frog's  mesentery  by  direct 
action  on  their  coats,  and  have  inferred  that  the  same  constriction  is 
induced  in  the  mucous  membranes,  -when  they  are  applied  to  them. 
Schiitz^  found  that  the  secretion  of  the  frog's  skin  and  tongue  is 
lessened  when  these  parts  are  washed  with  astringent  metallic  salts, 

■Sosenttim,  BoMbocb'B  FhannakologiKbe  Untenmehiitigen,  IL,  p.  84.  SeinM, 
Vlrchow's  Arch.,  eivi.,  p.  220. 

*  Arch,  f .  eip.  Path.  n.  Pbanu.,  zxriL,  p.  202. 
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and  it  is  quite  poesible  that  when  these  are  applied  to  inflamed  mem-rjni    ,  %* 
branee,  they  may  constrict  the  TeseelB  and  leasen  the  aecretione,  as-fn**""''™-^ 
■well  aa  form  a  protective  membrane.     When  irritation  is  induced,^^*<>  <-v\ma 
the  veesels  of  course  dilate,  and  congestion  and  exudation  follow.  ^^ 

The  local  action  is  due  to  the  formation  of  albuminate  compounds 
and  the  liberation  of  acid.  If  the  metal  be  applied  in  the  form  of  an 
filbuminate,  this  irritation  is  almost  entirely  absent  except  in  so  far  as 
the  poisonous  action  of  the  metal  may  cause  necrosis  and  cooseqoent 
irritation  and  inflammation.  The  double  salts  of  the  metals  are  also 
less  liable  to  irritate,  because  they  do  not  precipitate  albumin,  and 
their  dissociation  only  occurs  slowJy  and  is  not  confined  to  the  point 
of  application.  Of  course  if  theee  double  salts  are  decomposed  byJ 
acids,  as  in  the  stomach,  they  may  act  as  irritants.  * 

The  salts  of  the  heavy  metals  are  often  only  slowly  Abaorbed. 
Mercury  is  again  an  exception,  but  even  mercury  does  not  induce  gen- 
eral.symptoms  until  many  hours  after  its  administration.  The  other 
metals  given  by  the  mouth  pass  through  the  alimentary  canal  for  the 
most  part  unabsorbed.  In  recent  years  it  has  been  disputed  whether 
iron,  manganese,  copper  and  other  metals  are  absorbed  at  all,  but 
investigation  with  more  accurate  methods  has  shown  that  iron  and 
manganese  pass  into  the  tissues  from  the  alimentary  tract,  and  it 
seems  probable  that  a  small  proportion  of  most  of  the  metals  finds  its 
way  into  the  blood.  At  the  same  time  there  is  no  question  that  the 
great  proportion  of  most  of  the  metals  passes  through  unabsorbed,  and 
is  devoid  of  any  effect  except  from  its  local  action.  It  is  probable 
that  the  small  quantity  taken  up  by  the  stomach  and  intestine  is  first 
formed  into  protein  compounds  in  every  instance,  but  there  is  very 
little  known  as  to  the  process.  When  there  is  any  lesion  of  the  stomach 
and  intestine,  and  particularly  when  the  salt  induces  irritation  and 
congestion  itself,  much  more  of  the  metal  is  taken  up  than  by  the 
normal  epithelium.  But  even  in  the  most  favorable  circumstances  i 
little  of  the  metal  is  absorbed,  and  in  acute  poisoning  the  symptoms  I 
arise  from  the  local  irritation  and  corrosion  and  only  to  a  smaller  | 
extent  from  the  general  action  of  the  metal.  ' 

If  the  absorption  of  the  metals  is  slow,  their  Excretion  progresses    . 
even  more  gradually,  and  repeated  administration  leads  to  their  I 
accumulation  in  the  tissues  and  thus  to  intoxication.     The  metal  seems    I 
to  leave  the  blood  very  rapidly,  and  to  become  stored  up  in  various 
organs,  chiefly  the  liver,  to  a  less  extent  the  s^^gg^  kidngj,  and  bone 
marrow.     While  some  of  the  metal  is  depositeamthe  Imr  and  other 
organs,  another  part  is  excreted,  for  the  most  part  along  the  alimen- 
tary tract.     Thus  it  is  found  in  the  saliva  and  gastric  secretion,  to 
a  much  larger  amount  generally  in  that  of  the  lower  parts  of  the  small 
intestine,  in  the  csecum  and  in  the  lai^  bowel.     A  comparatively 
small  amount  escapes  with  the  urine.     Some  metals  have  been 
detected  in  very  small  quantity  in  the  milk,  and  there  is  reason  lo 
suppose  that  traces  are  eliminated  by  the  other  cutaneous  secretions. 

The  Ottanal  Action  of  the  heavy  metals  in  man  is  often  elicited 
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only  by  their  prolonged  ingeBtion,  but  it  has  been  studied  in  animalfi 
by  the  intravenouB  or  Bubcutaneons  injection  of  the  albuminates  ox-  of 
the  double  salts,  which  do  not  precipitate  the  proteins.  The  ordinary 
salts  cannot  be  used,  because  the  precipitated  albumin  of  the  blood 
causes  embolism,  and  this  obscures  the  ejmptoniB.  The  sjmptonLs  of 
acute  metallic  poisoning  elicited  thus  in  animals  generally  resemble 
fairly  closely  those  o£  chronic  poisoning  in  man.  Of  course  the  ana- 
tomical lesions  induced  in  the  latter  by  the  constant  presence  of  small 
quantities  of  metals  in  the  nutritive  fluids,  can  only  be  induced  to  a 
limited  extent  in  such  experiments. 

Even  when  the  heavy  metals  are  injected  into  the  blood  in  consid- 
erable quantity,  the  symptoms  are  often  late  in  appearing,  in  the  case 
of  aluminium  only  after  several  days>  so  that  the  slowness  of  the 
absorption  from  the  intestine  is  not  the  only  explanation  of  the  delay 
in  the  onset  of  the  intoxication. 

I  The  general  symptoms  of  metallic  poisoning,  as  distinguished  froxa 
those  due  to  the  local  action  at  the  point  of  application,  arise  chiefly 
from  the  pJ^Tifrnl  T^prvf^^jg  pyatPTn  and  from  the  excretory  passages 
the  alimentarr  canal  and  the  kjilijfy.  Metallic  poisoning  always 
induces  disiuroance  of  the  Stomach  and  Intestine,  manifested  by  loss  of 
a^lpetJlS^  paiiuaud  disyimfort.  iti  thn-ahHompTi,  naiia^.  v(miiring~5Tifl 
purging.  In  some  cases  no  lesion  of  the  canal  is  observed  post 
mortem,  but  in  the  great  majority  congestion  and  swelling^ofjtlis. 
mucous  membranes  of  the  stomach  an"3Tn^jBie.is  seen,  or  the  whole 
surl'ace  fllfty  be  covered  by  a  diphtheritic  membrane  composed  of 
necrosed  cells  and  ir^flgmmfiiAiy" BTiiTlqtJv  "BeneafF  tBis,  hiemor- 
rtages  occur,  and  if  tne  animal  live  long  enough,  ulcers  are  formed,  so 
that  the_ghole  condition  cau^gcarcely  be  distinggighed-fgtan  that  of 
i^jgSifi^^^  feome  metals  acl  strongly  OTtte  mouth  and  salivary 
glands,  salivation  being  one  of  the  earliest  features  of  mercory 
poisoning.  The  lining  membrane  of  the  mouth  becomes  congested 
and  inflamed,  and  numerous  shallow  nlcera  are  formed  in  it. 

The  heavy  metals  thus  seem  to  have  a  specific  action  along  the 
alimentary  tract  quite  independent  of  the  local  action  induced  when 
they  are  swallowed.  This  is  connected  with  their  excretions  along  it, 
although  it  seems  inadvisable  in  the  present  state  of  knowledge  to  say 
that  they  irritate  the  digestive  tract  because  they  are  excreted  in  it. 
One  or  two  metals,  notably  lead,  cause  constipation  and  colic  when 
they  are  absorbed  into  the  blood,  but  under  certain  circumstances  they 
too  induce  purgation. 

Another  organ  which  suffers  from  the  circulation  of  metals  in  the 
blood  is  the  Kidney.  Comparatively  little  of  the  metal  is  excreted  in 
the  urine,  but  it  is  found  that  most  of  this  class  act  as  ^uretics  in 
small  quantities.  Somewhat  larger  doses  irritate  the  renal~e^ithe- 
lium,  and  albumin  appears  in  the  urine,  along  with  casts  and,  in 
severe  cases,  blood  cells  and  htemi^lobin.  If  this  irritation  of  the 
secretory  cells  be  long  continued,  it  sets  up  a  secondary  inflammaticHi 
of  the  interstitial  tissue,  and  cirrhosis  of  Oie  kidney  results. 
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The  Circulation  is  difFerentlj  affected  by  differeot  metalE.  The 
heart  is  often  affected  onlj  in  the  last  stages,  and  it  is  impossible  to 
determine  how  far  its  failure  is  due  to  direct  action,  and  how  far  to 
the  disorder  of  the  nutrition.  The  blood-pressure  invariably  falls 
towards  the  fatal  iseae  of  the  intorcication,  and  as  a  general  rale,  a 
slow  fall  is  observed  from  the  beginning.  This  fall  in  blood-pressure 
may  doubtless  be  induced  by  different  factors  in  the  different  forms 
of  intoxication,  but  there  is  no  question  that  it  is  partly  due  to  the 
dilatation  of  the  vessels  of  the  intestines  and  stomach  from  the  inflam- 
mation of  these  organs.  In  acute  general  poisoning  in  animals,  many 
of  the  metals  cause  a  great  fall  of  blood-pressure,  which  has  been 
ascribed  to  their  paralyzing  the  walls  of  the  smaller  arterioles  and 
capillaries. 

Several  metals  have  been  found  to  lessen  the  alkalinity  of  the  Blood 
by  increasing  the  amount  of  lactic  acid  in  it,  but  this  does  not  seem 
a  common  feature  in  metallic  poisoning.  The  general  malnutrition 
from  the  gastro-intestinal  action  renders  it  impossible  to  determine 
whether  the  metals  alter  the  metabolism  of  the  body  through  directly 
affecting  the  cells,  but  it  is  not  improbable  that  this  is  the  case,  for 
the  loss  of  weight  is  often  too  rapid  to  be  explained  by  the  starvation 
alone.  — 

The  Osntral  Nerrons  System  is  always  affected  more  or  less  by  the 
presence  of  the  metals  in  the  blood.  As  a  general  rule,  the  symptoms 
are  a  mixture  of  those  of  stimulation  of  certain  divisions  with  those 
of  paralysis  of  others.  Several  mefBIff  IIIUUL'G  fllHlUrbance  of  the 
psyclllcal  cenlVfefi,  maniiested  in  dsljriyni,  hallucinations  and  mania, 
or  in  stupor  and  coma.  Cod^Ibjous  of  all  forms  indicate  that  the 
motor  areaa  of  the  brain,  the  basal  ganglia  and  the  spinal  cord  are 
affected;  thus  epileptiform  convulsions,  chorea,  clonic  and  tonic 
spasms  occur  from  metallic  poisoning.  In  several  instances  actual 
lesions  of  the  brain  cdls  have  been  shown  to  be  caused  by  the  ingea- 
tioa  of  the  metals.  They  often  cause  general  weakness,  or  paresis  of 
certain  groups  of  muscles,  and  in  addition  to  their  specific  action  on 
the  nervous  centres,  they  may  induce  a  peripheral  neuritis  (lead). 
The  muscles  do  not  seem  to  be  so  readily  affected  in  general  poison- 
ing, although  a  solution  of  a  non-irritating  metallic  salt  paralyzes 
muscles  suspended  in  it. 

Therapeutic  Usee.- — ^In  therapeutics  only  mercury  and   iron  are  i 
largely  employed  for  their  effects  after  absorption,  while  the  others  I 
have  a  more  or  less  extensive  use  for  their  local  effects  as  astringents,  | 
irritants,  caustics  or  styptics.     Iron  is  not  prescribed  for  its  general 
action  on  the  organs,  but  to  supply  the  place  of  food-irons  in  the 
formation  of  htemoglobin.     Mercury  is  used  for  its  specific  effect  in 
syphilis,  and  some  of  its  preparations  have  been  advised  as  diuretics. 
Not  infrequently  the  local  action  of  the  heavy  metals  is  supposed  to 
be  induced  after  absorption,  and  prescriptions  are  met  with  contain- 
ing lead  or  iron  which  are  intended  to  stay  hemorrhage  from  the 


..L.OO' 


.glc 


634  rSB  HEAVY  MSTALS} 

lungs  or  from  the  kidneys.  It  ought  to  be  recognized,  however,  that 
lead  or  iron  is  absorbed  only  in  minute  qnautitiea,  and  that  they  have 
no  predilection  for  the  bleeding  points.  If  they  were  capable  of 
coagulating  the  blood  after  absorption,  and  thus  stopping  bsonor^ 
phage,  they  would  certainly  do  so  in  the  portal  circulation  and  would 
not  be  carried  to  the  lungs  or  kidney  before  they  acted.     As  a  matter 

Vof  fact,  however,  they  never  reach  tiie  blood  except  in  fomu  in  whicli 
they  have  no  astringent  or  styptic  action. 
Many  of  the  metallic  salts  are  powerful  disinfectants,  partly  no 
doubt  from  their  coagulating  the  proteins  of  the  microbes,  hut  also 
from  a  specific  poisonous  action  on  them,  which  is  quite  distinct  from 
their  precipitating  action.  As  a  general  rule  the  antiseptic  power 
varies  with  the  amount  of  dissociation  of  the  salt,  that  is,  with  the 
number  of  metallic  ions  present  in  the  solutions,  although  the  undisso- 
ciated  molecule  also  seems  to  have  some  influence,  and  a  salt  which  is 
dissociated  with  difficulty  may  in  some  instances  make  up  for  this  dra^v- 
back  by  the  more  intense  toxicity  of  the  metal.^  The  most  widely- 
used  metallic  antiseptics  are  the  mercurial  salts,  in  particular  the 
perchloride,  but  other  metals  have  recently  begun  to  play  a  more 
important  role  in  surgery  than  heretofore.  Almost  incredibly  small 
quantities  of  some  of  the  metals  have  been  found  to  he  rapidly  fatal 
to  some  of  the  algse,  the  bacteria,  and  the  infusoria.  Thus  one  part 
of  the  perchloride  of  mercury  in  one  million  parte  of  wat«p  kills 
spirogyra,  one  of  the  simpler  algse,  and  water  distilled  from  copper 
vessels  is  rapidly  destructive  to  it.  Israel  and  Klingmann  '  hong 
email  pieces  of  copper  foil  in  water  for  a  few  hours,  and  then  diluted 
this  water  a  hundred  times  and  found  it  still  poisonous  to  many  lower 
organisms.  Silver  was  less  active  and  lead  still  less  so.  The  amount 
of  copper  in  the  original  solution  was  too  small  to  he  recognized  by 
any  chemical  test,  much  more  so  than  in  the  further  diluted  portion. 
These  results,  which  were  first  obtained  by  Naegeli,  and  which  have 
been  confirmed  by  other  observere  besides  Israel  and  Klingmann, 
indicate  that  certain  lower  organisms  are  much  more  sensitive  to  the 
action  of  copper,  and  probably  of  other  metals,  than  the  more  highly 
organized  plants  and  animals.  Further  examination  of  their  effects 
as  disinfectants  in  medicine  and  surgery  is  certainly  desirable. 
Other  curious  effects  on  the  growth  of  bacteria  have  been  observed  by 
Bolton  and  Brown,*  who  found  that  a  piece  of  metal  placed  on  a  cul- 
ture of  microbes  in  gelatin  causes  curious  alternating  zones  of  intense 
growth  and  of  sterility.  These  observations  have  recently  been 
extended  by  Thiele  and  Wolff,*  who  state  that  silver,  mercury  and 
copper  plates  prevent  the  growth  of  microbes  owing  to  minute  traces 
of  these  metals  being  dissolved  in  the  medium.  Several  other  heavy 
metals — iron,  lead,  zinc,  tin,  gold,  platinum  and  aluminum — proved 

'  Kronig  w.  Paul.     Ztschr.  f .  Hjgiene,  xzr.,  p.  1. 
'Virehow's  Arch.,  cilvii.,  p.  293. 

■  TranBBCtlonfl  of  the  Assoc,  of  Amei.  FhjaeihOB,  xii,  p.  488. 
■Arch.  f.  Hygiene,  xxziv.,  p.  43.    Foa  and  Aggaxotti.    Bioohem.  Ztacfai,,  xlx. 
Moore  and  Eawkt,     Biochem.  Jovrn.,  lii.,  p.  313. 
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devoid  of  action.  A  practical  application  of  this  bactericidal  action 
of  the  metals  has  been  made  by  the  introduction  of  solutions  of  colloid 
forma  of  silver  and  mercury  as  antiseptics.  Some  of  these  colloid 
metals  have  proved  destructive  to  simple  organisms  in  extremely 
dilute  solution,  while  in  more  concentrated  forms  they  are  inferior  to 
the  ordinary  salts  of  the  metals.  The  so-called  colloid  solutions 
generally  contain  some  of  the  metal  in  the  form  of  salts,  and  there  is 
every  reason  to  believe  that  these  colloid  forms  like  the  ordinary  pure 
metals  have  no  action  until  they  are  changed  to  dissociable  salts, 
ttrbich  exert  their  usual  effects  in  the  tissues. 

1    AHTIMONT. 

The  preparations  of  antimony  played  a  much  more  important  role 
in  therapeutics  in  the  earlier  part  of  last  century  than  at  the  present 
time.  In  many  respects  they  resemble  arsenic  in  their  effects,  and  ' 
may  be  looked  upon  as  forming  a  link  between  it  and  the  salts  of  the 
other  heavy  metals.  The  salt  most  commonly  used  is  tartar  emetic, 
or  the  double  tartrate  of  antimony  and  potassium  [K(SbO)C4H40B]. 
The  effects  of  this  salt  were  at  one  time  believed  to  be  due  in  part  to 
the  potassium,  but  have  been  shown  to  be  those  of  the  antimony  alone. 
As  a  double  salt  it  is  not  readily  dissociated  and  is  therefore  not  so 
corrosive  as  the  chloride,  which  is  a  powerful  caustic  when  applied  to 
the  skin  or  the  mucous  membrane. 

When  rubbed  on  the  Skin,  however,  tartar  emetic  causes  redness, 
and  a  papular  eruption,  which  later  passes  into  vesicles  and  pustules. 
If  the  application  be  further  persisted  in,  these  pustules  may  become 
confluent  and  form  small  abscesses,  and  later  cause  extensive  necrosis 
and  ulceration  of  the  skin.  The  points  of  origin  of  the  papules  are 
the  openings  of  the  cutaneous  glands  and  the  hair  follicles.  When  ■ 
injected  hypodermically,  tartar  emetic  causes  intense  and  lasting  | 
pain,  and  very  often  suppuration  and  sloughing,  which  may  involve 
the  underlying  muscles. 

Synptoma. — Tartar  emetic  has  a  slight,  acrid  taste,  and  in  very 
small  quantities  causes  no  symptoms,  except  some  perspiration.  In 
somewhat  larger  doses  its  ingestion  is  followed  by  nausea  and  vomit- 
ing, with  very  marked  depression  and  the  usual  accomj)animent8  of 
emesis,  such  as  salivation,  profuse  perspiration  and  acceleration  of 
the  pulse  (see  Apomorphine,  page  240).  In  antimonial  poisoning 
the  vomiting  is  violent  and  continuous,  the  ordinary  contents  of  the 
stomach  being  first  evacuated,  and  then  a  slimy  mucous  fluid,  which 
may  later  contain  blood.  In  some  cases  it  is  said  that  no  gastric 
symptoms  are  observed,  but  these  must  be  exceedingly  rare.  The  ^ 
vomiting  is  accompanied  by  profuse  watery  diarrhcea,  resembling 
that  of  arsenical  poisoning,  and  by  great  muscular  weakness  and 
collapse.  The  pulse  may  be  somewhat  accelerated  at  ffrst,  but  is 
weak,  and  later  becomes  slow  and  irregular.  The  skin  is  cold  and 
covered  with  clammy  perspiration,  and  cyanosis  of  the  face  and 
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extremities  is  generally  marked.  The  reflpiration  Is  slow  and  may 
be  irregular,  the  voice  weak  and  husky,  the  temperature  is  depressed, 
and  the  patient  falls  into  a  comatose  condition,  which  deepens^  nntU 
after  a  few  weak  convulsive  movements  the  respiration  ceases.  Xlie 
urine  is  sometimes  increased  in  the  beginning  of  the  poisoning',  but 
later  may  become  scanty  or  entirely  suppressed.  It  often  contains 
albumin. 

The  minimum  fatal  dose  of  tartar  emetic  is  doubtful,  as  the  greater 
part  of  the  poison  is  generally  removed  by  vomiting.  Recovery  has 
been  observed  after  very  large  quantities,  while  in  other  cases  0.1  Q. 
(2  grs.)  has  proved  fatal. 

Chronic  antimonial  poisoning  is  very  rare  and  difficult  to  diagnose.  The 
aymptoms  are  depression,  headache,  giddiness  and  confusion,  drowsiness  and 
indistinct  sight.  The  appetite  is  bad,  and  the  patient  complains  of  heaviness, 
discomfort  or  pain  in  the  region  of  the  stomach,  general  weakness  and  exhans- 
tion.  Profuse  diarrbtea  may  be  present,  rapid  loss  of  fle^,  alhuminnria  and 
finally  collapse.  Pnstnlar  eraptions  have  been  observed  from  the  prolonged 
internal  use  of  tartar  emetic. 

Action. — Many  of  the  symptoms  of  antimonial  poisoning,  the  pro- 
fuse perspiration,  salivation  and,  to  some  extent  at  least,  the  collapse, 
are  manifestly  secondary  to  the  Emetic  Action,  and  the  canse  of  the 
vomiting  has,  accordingly,  been  repeatedly  investigated.  It  may  be 
stated  at  once  that  some  authors  attribute  the  vomiting  to  a  central 
action,  but  that  the  majority  are  inclined  to  regard  it  as  mainly  due  to 
irritation  of  the  stomach.  Large  doses  of  antimony  affect  the  stomach 
and  bowel  in  the  same  way  as  arsenic,  inducing  hyperemia  and  awell- 

Iing  and  loosening  of  the  epithelium,  but  smaller  quantities  such  as  are 
used  in  therapeutics  do  not  seem  to  cause  any  obvious  lesion.  It  is 
found  that  tartar  emetic  injected  hypodermically  or  intravenously 
causes  nausea  and  vomiting,  but  much  larger  quantities  are  required 
than  are  requisite  when  the  drug  ia  given  by  the  mouth.  This  indi- 
cates a  direct  action  on  the  stomach,  rather  than  on  the  centre  for 
vomiting,  and  this  view  is  supported  by  the  fact  that  antimony  is 
found  in  the  stomach  and  intestine  when  it  is  injected  intravenously. 
The  obvious  explanation  would  therefore  seem  to  be  that  antimony 
given  by  the  mouth  acts  as  a  gastric  irritant,  and  causes  vomiting, 
while  when  it  is  injected  intravenously  it  is  carried  to  the  atomacfa, 
and  again  causes  irritation  with  the  same  result.  The  whole  of  the 
antimony  swallowed  acts  at  once  on  the  stomach,  while  only  a  part 
of  that  injected  exerts  its  action  on  it,  and  larger  doses  are  therefore 
necessary  when  the  poison  is  administered  in  the  latter  way. 

This  explanation  is  opposed,  however,  to  an  observation  made  by  Orflla, 
who  found  that  when  the  stomach  was  excised  and  replaced  by  a  dead  bladder, 
tartar  emetic  still  caused  the  movements  of  vomiting,  which  even  expressed 
the  fluid  in  the  bladder.  Of  course  no  antimony  could  be  excreted  into  the 
bladder  and  no  irritation  or  reflexes  could  arise  from  it.  Again  Mosso  states 
that  when  the  vagus  nerves  are  cut  below  the  diaphragm,  tartar  emetic  faHa 
to  cause  vomiting  when  it  is  swallowed,  but  large  doses  have  thcdr  usual  effect 
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-when  irtjeeted  into  a  vein.  These  observationa  appear  at  first  sig'ht  to  indicate 
tliat  tartar  emetic  acts  centrally,  but  it  haa  been  snggested  that  althongh  the 
poiaon  could  not  act  on  the  Btomach  in  Orfila's  experiment  it  might  oanse 
-fomiting  by  causing  irritation  of  some  other  part  of  the  alimentary  tract 
Ab  regards  Mosao's  results,  the  relation  of  the  vagus  nerve  to  vomiting  is  still 
fio  obscure  that  it  is  dangerous  to  draw  any  inference  from  such  experiments. 
On  the  whole  the  evidence  goes  to  show  that  the  emesis  ia  due  to  irritation  of 
the  gastric  mncous  membrane  by  the  antimony. 

The  action  of  tartar  emetic  on  the  StomMh  has  been  explained  by 
suppoBing  that  the  acid  ga&tric  juice  decomposes  the  double  salt  and 
that  the  chloride  thus  formed  acts  as  a  corrosive  in  the  same  way  as 
the  chlorides  of  the  other  heavy  metals.  This,  however,  fails  to 
explain  the  fact  that  the  same  effects  are  met  with  in  the  intestine,  in 
which  no  such  acid  fluid  exists,  and  that  vomiting  is  induced  readily 
when  the  gastric  juice  is  neutral  in  reaction  (Mosso).  A  more  prob- 
able explanation  is  that  antimony  has  a  specific  irritant  effect  on  the 
mucous  membranes  of  the  stomach  and  bowel,  similar  to  that  of 
arsenic.  The  irritation  is  greater,  however,  and  is  induced  more 
rapidly,  so  that  vomiting  is  caused  much  more  easily.  At  the  same 
time,  antimony  is  more  slowly  absorbed  than  arsenic,  so  that  its  action 
remains  confined  to  the  stomach,  and  as  the  vomiting  removes  much 
the  greater  part  of  the  poison,  the  intestine  remaias  nnbarmed  except 
when  large  quantities  have  been  swallowed  and  the  emesis  is  from 
any  cause  insufficient.  In  chronic  poisoning  ulceration  of  the  small 
intestine  is  said  to  occur,  especially  around  the  solitary  follicles  and 
Peyer's  patches. 

The  acceleration  of  the  Pulas  seen  after  tartar  emetic  is  due  for  the  most 
part  to  the  emetic  action  and  not  to  the  abaorption  of  the  drug.  When  injected 
into  a  vein  in  animals,  antimony  causes  a  alow  and  weak  pulae,  although  this 
is  preceded  in  some  caaes  by  slight  acceleration.  The  action  is  a  direct  one 
on  the  cardiac  muacle,  as  may  be  seen  by  perfusing  an  exciaed  frog'a  heart 
with  blood  containing  aome  tartar  emetic.  The  cardiac  nerves  do  not  seem 
to  be  affected. 

The  Blood-presBurs  falls  thronghout  the  experiment,  partly  owing  to  the 
weakness  of  the  heart,  but  chiefly  owing  to  an  action  on  the  vascular  mech- 
anism similar  to  that  described  under  arsenic.  Here  again  it  is  doubtful 
whether  the  effect  is  due  to  the  vasomotor  centre  or  to  the  peripheral  nerves 
and  muscle  of  the  vessels,  but  the  latter  are  certainly  involved,  for  stimulation 
of  the  Bpinal  cord  fails  to  contract  the  meaenteric  vessels. 

The  Beapiratlon  is  often  elightly  accelerated  at  first,  and  may  be  ehallow 
and  irregular  from  the  nausea;  but  in  cases  of  poisoning  it  becomes  alow  and 
labored,  and  eventually  ceases  along  with  the  heart.  The  respiratory  centn 
is  pei-hapB  aSected  directly  to  aome  extent,  but  the  changes  in  the  breathing 
are  probably  due  for  the  most  part  to  the  disturbance  of  the  circulation,  and 
to  the  action  on  the  alimentary  canal.  The  statement  made  by  some  of  the 
older  writers  that  antimony  caused  hepatization  of  the  lungs  has  been  shown 
to  be  incorrect. 

The  Oentral  NerroTU  System  is  depressed  by  antimony  in  the  frog,  spon- 
taneous movements  persisting  after  the  reflexes  have  disappeared,  according 
to  some  authors.  This  has  been  interpreted  to  mean  that  antimony  paralyzes 
the  sensory  part  of  the  cord  or  its  connection  with  the  motor  cell,  while  leaving 
the  oonuections  between  the  Utter  and  the  brain  intact;  but  the  statement 
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itself  reqnireB  further  confirmation.     The  paralysis  is  dne  to  the  direet  aetion 

of  antimony  on  the  nerve  cells  and  not  to  the  disordered  circulation,  for  frogs 

poisoned  with  antimony  are  paralyzed  sooner  than  others  in  which  the  dren- 

.tlatioa  is  entirely  destroyed  by  the  excision  of  the  heart.     The  effect  of  anti- 

'Imony  on  the  central  nervous  ^stem  of  the  manunals  is  more  obscure,  for  it 

lis  impossible  to  ascertain  how  far  the  changes  are  dae  to  direct  action  and 

J  how  far  they  are  attributable  to  Vite  disturbance  of  the  circnlation  and  the 

*  alimentary   canal.      There  is  reason   to  believe,   however,  that  the   poison 

depresses  to  some  extent  the  nerve  cells  here  also.    According  to  Scbafler,  the 

cells  of  the  spinal  cord  undergo  a  degeneration  marked  by  the  disappearance 

of  the  chromatin  in  chronic  antimonial  poisoning. 

The  Depressioii  and  OollapH  of  antimony  poisoning  are  caused  by  the 
gastric  effects  and  the  slowed  circnlation  acting  on  the  central  nervous  system, 
and  not,  as  is  sometimes  stated,  to  the  peripheral  nerves  and  muscles  b^ng 
affected.  The  voluntary  muscular  tissue  is  undoubtedly  weakened  to  smne 
extent  in  the  frog,  but  only  after  large  doses  and  at  a  late  stage.  The  muscles 
then  contract  somewhat  more  weakly  than  nonually,  and  are  more  readily 
fatigued. 

Itlany  of  the  Becrettons  are  increased  by  tartar  emetic,  sach  as  the  perapi- 
ration,  the  saliva  and  the  macous  secretion  of  the  respiratory  tract.  This  is 
not  due  to  any  direct  action  on  the  glands,  for  the  same  effect  is  induced  by 
anything  which  causes  vomidng.  (See  Apomorphine,  page  240.)  The  urine 
is  sometimes  increased  by  antimony,  at  other  times  it  is  diminished  or  sup- 
pressed. This  is  peiiiaps  due  to  a  preliminary  stimulation  of  the  renal 
epithelium,  which  passes  into  acute  irritation  when  much  of  the  drug  is 
absorbed.     The  action  on  the  urinary  secretion  is  not  very  marked,  however. 

The  irritant  action  of  tartar  emetic  on  the  Skin  when  it  ia  applied 

to  it  in  oiBtment,  has  been  explained  by  the  donble  salt  being  broken 

up  bj  the  acid  formed  in  the  decomposing  secretions,  and  an  analogy 

baa  been  drawn  between  it  and  the  irritant  effects  in  the  stomach. 

This  accounts  for  the  formation  of  pustules  at  the  openings  of  the 

skin  glands,  but  the  double  salta  of  other  metals,  which  would  form 

irritants  in  the  same  way  as  tartar  emetic,  have  no  special  effect  on 

the  months  of  the  gland  ducta.     JTunn  finds  a  specific  effect  on  the 

skin  of  the  frog  when  tartar  emetic  is  injected,  similar  to  that  induced 

by  arsenic,  but  more  rapid  in  its  onset,  and  this  may  explain  the 

puatulant  action.     A  pustular  eruption  is  said  to  be  induced  in  some 

cases  when  antimony  ia  taken  internally.     Pustules  also  occur  in  the 

oesophagus  when  tartar  emetic  is  swallowed,  and  irritation  of  the 

mouth  and  swelling  of  the  lips  have  been  observed. 

i        Antimony  is  much  less  poisonous  than  arsenic  to  most  of  the  pro- 

1   tozoa,  but  is  found  to  possess  the  same  extraordinary  affinity  for  cer- 

\  tain  pathogenic  organisms,  notably  the  trypanosomes  of  ^e  blood, 

I  which  it  destroys  in  solutions  as  weak  as  one  in  500,000. 

The  effects  of  antimony  on  the  Nntritlon  have  not  been  so  carefully  exam- 

Iined  as  those  of  arsenic,  but,  as  far  as  is  known,  present  a  strong  resemblance 
to  them.  Thus  fatty  degeneration  of  many  oigana  is  induced  by  its  prolonged 
use,  the  nitrogen  of  the  urine. is  found  to  be  increased  and  the  glycogen  dis- 
appear from  the  liver.  Very  small  quantities  of  antimony  given  repeatedly 
are  said  to  increase  the  glycogen  and  fat  of  the  liver,  without  apparently 
altering  the  nitrogen  of  the  urine. 
/         The  fall  in  Temperature  after  antimony  is  often  very  considerable,  amonnt- 
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iug  in  aniniBls  to  6°  C.  in  th«  conrse  of  a  few  honia.  It  is  explained  by  tin  1 
slowness  of  the  circnlatioii  and  by  the  g;eneral  depression  and  collapse  and  I 
prof  nse  perspiration. 

Antimony  is  Absorbed  from  the  skiD  very  slowly,  and  from  the  stomach 
and  intestine.  It  passes  into  the  tissues  much  more  g^radually  than  arsenic, 
however,  and  its  action  on  the  stomach  can,  therefore,  be  elicited  without 
danger  of  its  causing  general  symptoms.  After  absorption  antimony  is  fonnd 
in  considerable  quantity  in  the  liver,  which  stores  it  up  for  some  time.  It  is 
excreted  into  the  stomach  and  intestine,  in  the  urine,  and,  it  is  said,  in  the  bile 
and  milk. 

The  (Ailorlda  of  Antimony  (SbCl,)  differs  from  tartar  emetic  chiefly  ini 
being  a  violent  corrosive,  which  combines  to  form  albuminates  and  thus  aetsj 
like  the  other  salts  of  tlie  heavy  metals,  and  also  tends  to  withdraw  fluid  froml 
the  superficial  tissues  when  it  is  applied  in  a  concentrated  solution.  The  otherl 
compoonds  of  antimony  act  like  the  double  tartrate,  except  that  most  of  them 
are  much  slower  in  their  efllects.  Stibine  or  antimoniuretted  hydrogen  (SbH,) 
differs  entirely  &om  areine  (AsH,)  in  its  action,  which  is,  however,  equally 
poisonous.  It  has  very  rarely  been  examined,  except  in  rd  impure  form,  and 
the  symptoms  are  imperfectly  known. 

FBBFAKa.TIOITS. 

ANTDJONn  ST  PoTAsan  Xartras  (U.  S.  P.),  Antimokium  Tahtaeatujc 
(B.  p.),  tartar  emetic,  tartarated  antimony  ((KSbOC^.O.).  +  H,0)  forms 
colorless,  transparent  crystals,  or  a  white  grannlated  powder,  without  odor, 
and  having  a  sweet,  afterwards  disagreeable,  metallic  taste,  solnble  in  17 
parts  of  cold  water,  insoluble  in  alcohol.  Dose  as  a  diaphoretic,  0.002-0.008 
G.  (sfe-i  gr.);  as  an  emetic,  0.03-0.1  Q.  (1-2  gr.). 

ViNDJt  Antimonii  (U.  S.  P.)i  ViwoM  Antimonialb  (B.  p.),  4  parts  of 
tartar  emetic  in  one  thousand  (U.  S,  P.),  in  875  parts  (B.  P.).  0.6-2  c.c 
(10-30  mins.),  diaphoretic;  4-lS  c.c.  (1-4  dra.),  emetic. 

Tartar  emetic  is  also  contained  in  the  componnd  syrup  of  squills  U.  S.  P. 

Antimonii  Oxidum  (B.  P.),  (8b,0,),  a  heavy,  gray,  insoluble  and  tasteless 
powder.     0.05-0.1  Q.  (1-2  grs.). 

Antimonium  Sulphuratum  (B.  P.),  Kermes  mineral,  consists  of  antimony 
sulphide  (Sb,S,)  with  a  small  amount  of  oxide  (Sb,0,) — an  amorphous,  red- 
dish-brown powder,  odorless,  tasteless,  and  insoluble  in  water.  0.06-0.3  0. 
(1-5  grs.). 

POuta  Syttrargyri  Subchloridi  Componta  (B.  P.),  Plommer's  Fills,  com- 
ponnd calomel  pill,  8  grains  contain  nearly  2  grains  each  of  calomel  and  of 
snlphorated  antimony.    4r-8  grs. 

Thorspentfc  Usm. — Antimony  is  used  to  a  mncb  less  extent  in  med- 
icine than  was  formerly  the  case.  In  the  seventeenth  century  it  was 
prescribed  ao  widely  and  was  believed  to  do  so  much  harm,  that  the 
graduates  in  medicine  of  Heidelberg  were  required  to  take  an  oath 
never  to  use  it.  At  present  it  is  used  to  a  limited  extent  as  an  emetic,! 
but  is  slow  in  action  and  induces  greater  depression  and  more  pro-i 
longed  nAusea  than  the  other  drugs  which  are  prescribed  -for  this  pui^  j 
pose,  such  as  apomorphine,  ipecacuanha,  or  Bulphata  of  nnppAr.  It  is 
therefore  seldom  used  to  ^acuate  the  stomach  in  cases  of  poisoning  or 
of  foreign  bodies  in  the  stomach  or  CBSophagus.  Its  expectorant  action 
is  taken  advantage  of  in  acute  bronchitis  in  which  the  secretion  of  the 
bronchial  mucous  membrane  is  insufficient,  but  it  is  of  less  value  when 
the  Becretion  is  abundant.     In  commendng  bronchitis  tartar  emetic 

D,.lz..^L.OOglC 


*'-"*^  640  THB  SEAFT  MET  ALB. 

is  eometimeB  given  antil  vomiting  occurs,  and  then  continued  in 
smaller  doses  and  at  longer  intervals.  It  has  rewntly  been  used  in 
trypaDoeomiasis,  eepeciall;  in  sleeping  sicknesB,  in  wMch  it  has  been 
administered  by  the  month,  intravenously  and  hypoderniically.  It 
is  at  least  as  efficient  as  the  arsenic  preparations,  but  its  use  ia 
limited  hy  the  intense  local  action,  which  precludes  its  subcutaneous 
injection.  Other  protozoal  diseases,  such  as  syphilis,  have  also  been 
treated  with  it,  but  it  is  inferior  to  mercury  here. 

It  is  also  nsed  as  a  diaphoretic  to  some  extent  ia  the  same  doses  as  are 
prescribed  as  expectorants,  but  it  has  been  almoet  entirely  supplanted  b;  pilo- 
carpine for  this  purpose. 

Zu  acute  fever  antimony  was  formerly  largely  ueed  as  a  depressant,  more 
especially  when  delirium  was  a  marked  feature.  The  object  was  to  produce 
a  mild  collapse,  but  the  treatment  has  been  entirely  abandoned  by  most 
authorities,  and  probably  did  more  harm  than  good.  Acute  lobar  pneumonia 
was  almost  universally  treated  by  tartar  emetic  at  one  time  and  an  attempt 
bas  recently  been  mode  to  revive  this  treatment  but  without  success. 

Antimony  has  been  advised  instead  of  arsenic  in  the  internal  treatment  of 

skin  disease,  but  it  ia  impossible  to  state  at  presoit  how  far  it  is  capable  of 

replacing  the  more  widely  used  drug. 

t  ^    In  all  cases  in  which  there  is  marked  depression  or  weakness,  in  which 

\  the  stomach  or  bowel  is  disordered,  or  in  which  the  circulation  is  feeble,  the 

\  preparations  of  antimony  are  contraindicated. 

Tartar  emetic  was  formerly  used  in  ointment  (one  part  to  four)  as  a  skin 
irritant,  but  its  continued  application  has  led  in  several  cases  to  diSuse  snb- 
cutaneouB  abscess,  and  sometimes  to  necrosis  of  bone,  so  that  the  tartar  emetic 
ointment  has  passed  into  desuetude. 

In  cases  of  Antimonial  Poinnlnft  emetics  are  seldom  required,  hut 
the  stomach  may  be  washed  out  by  means  of  the  stomach  tube,  if 
vomiting  is  not  present,  and  a  purge  may,  be  given  to  remove  the 
poison  in  the  bowel.  laflgic  acid  is  used  to  precipitate  the  antimony 
in  the  stomach,  and  the  tannali!  furmed  must  be  washed  out.  A  form 
of  tannic  acid  which  is  usually  available  in  emergencies  is  Btr^g^tea, 
which  ia  also  useful  as  a  stimulant  fciLAbfrJollapse.  Xaige  or^giag- 
^lesia  may  be  nsed  to  pfecipitate  the  antimonymBtegd  of  tannic  acid. 
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IL    HEROTTBT. 

Mercury,  one  of  the  moat  powerful  inoiganic  pois<Mi8,  has  been  used 
in  medicine  for  a  long  time  and  in  a  large  variety  of  forms.    Some 
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differences  are  observed  in  the  action  of  theae,  but  all  of  them  induce 
the  same  general  results,  the  differences  existing  only  in  their  local 
effects,  and  being  due  to  the  salts  differing  in  solubility  and  dissocia- 
bility.  A  soluble  salt,  such  as  the  perehloride,  comes  into  more  inti- 
mate contact  with  the  tissues,  and  therefore  acts  more  powerfully 
locally  and  is  also  absorbed  more  rapidly  and  in  larger  amount  than 
calomel,  which  is  entirely  insoluble  in  water.  Both  the  local  and  the 
general  effects  of  the  perehloride  are  more  marked  than  those  of  calo- 
mel, therefores  bat  when  sufficient  mercury  in  the  form  of  calomel  is 
absorbed  into  the  tissues,  the  general  effects  are  the  same  as  if  an 
equal  quantity  had  been  taken  up  as  perehloride. 

Mercury  is  absorbed  and  circulates  in  the  blood  in  the  form  of  the  | 
albuminate,  which  is  rendered  soluble  by  excess  of  protein.     The  i 
solubility  of  the  albuminate  explains  the  comparatively  rapid  absorp-   I 
tion  of  mercury  and  also  its  greater  corrosive  action ;  the  acid  formed   ' 
from  the  salt  on  its  combining  with  protein  may  doulatless  play  a  part 
in  the  latter,  but  this  is  comparatively  insignificant  as  it  is  not  greater 
than  that  of  an  equally  soluble  and  equally  dissociable  combination 
of  the  acid  with  another  metal.    The  mercurial  ion  itself  is  corrosive,    I 
and  its  destructive  action  is  the  more  powerful  because  the  precipitate    | 
formed  with  proteins  is  soluble  in  the  surrounding  fluids  of  the  body,    I 
and  the  mercurial  action  is  consequently  not  limited  to  the  surface  of  ' 
a  tissue  but  extends  into  the  deeper  cells.    Tbe  highly  corrosive  action 
of  the  mercury  ion  has  been  ascribed  to  its  great  affinity  for  the 
amino-compounds  which  are  contained  in  the  protein  molecule. 

The  albuminate  is  formed  rapidly  when  such  soluble  salts  as  thei 
perehloride  come  in  contact  with  tho  tissues,  and  the  local  corrosion! 
is  greater  and  the  absorption  more  rapid  than  when  an  insoluble  saltf 
is  ingested.  A  good  de&[  of  dispute  has  arisen  as  to  the  absorption  of 
tbe  insoluble  salts  of  mercury,  and  it  is  frequently  stated  that  calomel 
is  first  changed  to  the  perehloride  by  the  action  of  the  hydrochloric 
acid  of  the  stomach  and  by  the  chlorides  of  the  tissues,  and  that  only 
then  ifl  the  albuminate  formed.  There  is,  however,  no  sufficient 
evidence  that  the  perehloride  is  formed  from  the  chloride,  and  such  a 
change  is  not  necessary  to  explain  its  absorption,  for  the  proteins  of 
the  tissues  can  act  on  calomel  as  such,  and,  forming  the  soluble 
albuminate,  allow  it  to  be  absorbed.  It  has  been  asserted  of  late  that 
when  calomel  is  injected  hypodermically,  the  leucocytes  take  it  up 
and  carry  it  off  as  they  do  any  other  foreign  insoluble  body,  and  it  is 
quite  possible  that  they  may  take  it  up  in  the  same  way  from  the 
alimentary  canal.  At  the  same  time  the  quantity  of  calomel  which 
comes  into  intimate  contact  with  the  tissues  is  mnch  smaller  than  in 
the  case  of  the  soluble  perehloride,  and  a  smaller  proportion  of 
calomel  is  absorbed  therefore.  In  the  same  way  other  insoluble 
preparations  of  mercury  are  absorbed  in  the  form  of  albuminates,  and 
even  the  metal  may  be  oxidized  and  absorbed  when  it  is  applied  to 
the  living  surfaces  or  injected  into  the  blood  in  a  state  of  fine  division. 
41 
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Thas  the  inhalatioo  of  mercury  vapor  \>y  tLe  lungs  leads  to  general 
poisoning,  often  of  a  veiy  malignant  type,  and  mercuiy  rubbed  into 
very  fine  globules,  and  applied  in  ointment  to  tlie  akin,  passes  into 
the  gland  ducts  and  along  the  roots  of  the  hairs,  and,  after  being 
oxidized,  is  dissolved  and  absorbed  into  the  tissues,  in  which  it  causes 
the  typical  mercurial  effects. 

Symptonu — Acat«  Uercorlal  Poisoning  occura  only  from  the  use  of 
soluble  preparations,  and  in  particular  from  the  perchloride  of  mer- 
cury or  corrosive  sublimate.  Many  cases  have  arisen  from  this  poison 
being  swallowed  accidentally  or  with  suicidal  intent,  but  of  late  years 
an  almost  equal  number  has  arisen  from  the  perchloride  being  nsed 

Ias  a  disinfectant  wash  for  large  cavities.  When  corrosive  sublimate 
is  swallowed  in  poisonous  quantity,  the  patient  ctmiplains  at  onco 
of  the  harsh  metallic  taste,  which  is  followed  by  burning  pain  in  the 
mouth,  throat  and  stomach.  Nausea  and  vomiting  set  in  very  soon, 
and  the  vomited  matter  may  contain  shreds  of  mncons  membrane  and 
blood.  Diarrhosa  and  violent  tenesmus,  with  watery  or  bloody  stools, 
often  containing  shreds  of  membrane,  may  be  among  the  early  symp- 
toms, or  may  only  occur  after  twenty-four  hours.  These  symptoms 
from  the  alimentary  canal  are  accompanied  by  collapse,  with  a  small, 
thready,  sometimes  irregular  pulse,  shallow,  irregular,  rapid  respira- 
tion, cold,  danuny  skin,  pinched  features,  and  sunken  eyes.  The 
temperature  is  often  subnormal,  but  sometimes  fever  is  observed, 
although  this  is  attributed  by  many  to  concurrent  disease.  The  con- 
sciousness is  usually  unaffected,  but  in  some  cases  somnolence,  giddi- 
ness, or  more  rarely  anxiety  and  restlessness  have  been  observed. 
The  urine  is  much  diminished  and  complete  anuria  often  occurs  in  a 
few  hours.  If  the  urine  is  not  completely  suppressed,  it  goierally 
contains  albumin,  renal  epithelium,  casts,  and  more  rarely  sugar. 
Death  may  occur  witbin  an  hour  from  shock,  but  more  frequently  the 
patient  survives  several  days  or  even  one  or  two  weeks,  the  symptoms 
of  intestinal  corrosion  and  of  renal  irritation  continuing,  until  he 
finally  sinks  from  exhaustion. 

When  acute  poisoning  occurs  from  the  absorption  of  corrosive  sub- 
limate from  wounds,  the  symptoms  of  corrosion  of  the  mouth  and 
stomach  are  absent  at  first,  but  the  dysenteric  symptoms  and  the  renal 
inflammation  are  produced  in  the  same  way.  as  when  the  poison  is 
swallowed.  Here  again  the  patient  may  die  within  a  few  hours,  but 
more  frequently  survives  for  several  days,  and  in  the  latter  case  the 
symptoms  towards  the  end  partake  of  the  character  of  chronic  poison- 
ing. In  particular,  salivation  and  stomatitis  set  in  in  the  course  of  a 
few  days.  These  also  occur  when  the  poison  is  swallowed,  although 
they  are  more  liable  to  be  overlooked,  from  the  cauterization  produced 
in  the  mouth  by  the  local  action. 

Ohronlc  Poisoning. — ^A  much  more  frequently  observed  form  of 
poisoning  is  that  induced  by  the  prolonged  medicinal  use  of  mercury. 
It  may  arise  from  any  of  the  preparatitms,  and  from  any  form  of  ap- 
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plication,  although  Bome  methods  of  adminiBtration  are  credited  with 
beinf^  less  liable  to  induce  it  than  others.  Thus  inunction  with  mer- 
curial ointment  and  the  ose  of  calomel  internally  are  both  more  liablel  ■j 
to  cause  the  severer  forms  of  stomatitis  than  is  corrosive  sublimate.  I  ' 
A  single  hypodermic  injection  of  an  insoluble  preparation  may  in- 
duce it  in  susceptible  persons,  because  the  mercury  is  only  slowly 
absorbed,  and  passes  into  the  tissues  as  gradually  as  if  it  were  given 
by  the  mouth  regularly  for  several  days.  This  chronic  poisoning  or 
MercnriallBni  is  due,  not  to  the  local  action,  but  to  the  effects  of  the 
drug  after  absorption.  It  is  mnch  more  liable  to  occur  in  certain 
people  than  in  others,  but  may  follow  the  abuse  of  mercury  in  any 
case,  and  the  cause  of  the  abnormal  susceptibility  to  mercury  is  un- 
known. When  mercurialism  b^na  to  be  manifested,  the  drug  ought 
to  be  stopped,  or  the  dose  much  reduced,  until  the  symptoms  disap-  ( 
pear.  Formerly  it  was  believed  that  the  earlier  symptoms  of  mer- 
curial poisoning  had  to  be  induced  in  the  cure  of  syphilis,  but  in 
modem  therapeutics  every  effort  is  made  to  avoid  them.  The  first 
symptoms  generally  arise  from  the  mouth  and  throat,  the  patient 
complaining  of  a  metallic  taste,  and  of  a  feeling  of  numbness  or  sore- 
ness of  the  tongue  and  gums.  The  breath  has  an  impleasant  fcetid 
odor,  the  tongue  is  swollen  and  thickly  coated,  the  gums  are  soft, 
swollen  and  often  of  a  dark  bluish-red  or  gray  color  and  the  flow  of 
saliva  is  augmented.  If  the  medication  be  continued,  as  was  often  done 
formerly,  ulcers  appear  on  the  gums  and  on  the  sides  of  the  tongae 
where  it  comes  in  contact  with  the  teeth,  especially  if  these  are  carious, 
and  on  the  mucous  membrane  of  the  cheeks ;  the  salivation  increases 
and  irritates  the  lips  and  the  skin  where  it  is  exposed  to  the  secretion. 
If  the  administration  of  mercury  be  still  persisted  in,  the  teeth  he-j 
come  loose  and  fall  out,  gangrene  of  the  gums,  lips  and  throat,  ana 
necrosis  of  part  or  even  of  the  whole  jaw  may  follow,  and  may  provJ 
fatal  by  exhaustion  and  inanition  due  to  the  difficulty  in  swallovring* 
and  to  the  complete  absence  of  desire  for  food.  The  milder  forms  ofl 
stomatitis  and  salivation  are  observed  in  a  large  proportion  of  cases! 
of  syphilis  treated  with  mercury,  according  to  some  authors  in  30 1 
per  cent,  or  mor&  It  may  be  avoided,  to  some  extent,  at  least,  hyi 
scrupulous  cleanliness  of  the  mouth  and  teeth,  by  the  filling  of  carious  \ 
teeth,  and  by  using  a  2-4  per  cent,  solution  of  chlorate  of  potash  as  I 
a  mouth  wash.  ' 

The  stomach  and  intestine  also  suffer  in  chronic  mercury  poisoning. 
The  patient  often  complains  of  loss  of  appetite,  and  occasionally  of  a 
feeling  of  weight  and  discomfort  in  the  stomach,  nausea  and  vomiting, 
general  weakness  and  loss  of  flesh.  Colic  and  diarrhoea  are  frequently 
observed,  or  diarrhcea  and  constipation  may  alternate.  These  symp- 
toms are  naturally  more  liable  to  occur  from  the  administration  of 
mercury  by  the  mouth  than  by  other  channels,  as  here  the  action  after 
absorption  is  reinforced  by  the  direct  local  effects.  Some  fever  is 
sometimes  noted,  but  this  is  secondary  to  the  affection  of  the  mouth, 
bowel  or  skin,  and  is  not  directly  attributable  to  the  mercury. 
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Occasionally  sJrin  erup^ion«  are  seen  wlien  mercury  is  ^ven  by  the 

I       month,  but  much  more  frequently  when  it  is  applied  to  the  akin.     In 

I       the  latter  case  they  are  not  limited  to  the  point  of  appHcatitHi, 

\       although  they  often  begin  from  it  and  spread  over  a  large  surface  of 

\      the  body.     They  are  said  to  occur  often  without  any  other  symptom 

I     of  poisoning,  except  the  fever  and  discomfort  which  they  induce 

themselves.    They  vary  greatly  in  form,  consisting  of  small  reddish 

spots,  large  red  erythematous  surfaces,  urticaria,  or  eczema,  each  of 

these  occurring  alone  or  in  succession,  and  being  naually  followed  by 

desquamation.     The  eruption  generally  lasts  only  1—3  weeks,  but  in 

some  cases  has  not  entirely  disappeared  until  three  months  after  its 

appearance,  and  in  others  has  returned  repeatedly  afterwards.     It  is 

said  to  have  been  induced  occasionally  by  a  single  dose  of  calomel. 

The  urine  is  often  somewhat  increased,  but  may  be  decreased  aftei^ 
wards,  and  it  not  infrequently  contains  albumin,  although  the  propor- 
tion of  cases  in  which  this  occurs  is  much  disputed,  and  the  amount 
in  the  urine  is  generally  very  small.  Glycosuria  is  much  rarer  in 
man,  but  has  been  frequently  observed  in  rabbits  after  prolonged 
treatment  with  mercury. 

It  is  still  a  matter  of  doubt  how  far  the  sexual  organs  are  involved 
in  mercury  poisoning.  According  to  some  authorities  disturbances  of 
the  menstruation  and  even  complete  amenorrhoea  have  been  observed, 
and  abortion  is  also  stated  to  have  besi  caused  by  it. 
1  A  general  condition  of  cachexia  may  be  induced  by  the  presence  of 
I  these  disorders,  and  is  marked  by  paUor,  auEemia,  emaciatitHi,  weak- 
Iness  and  restlessness,  with  a  tendency  to  fainting  and  disturbed  sleep. 
iThe  pulse  is  small,  weak  and  quick,  sometimes  irregular,  and  the  pa- 
/tient  often  complains  of  breathlessness. 

Affections  of  the  central  nervous  system  are  rarely  induced  now  by 
the  abuse  of  mercury  in  therapeutics,  but  are  mentioned  by  some  of 
the  earlier  writers,  and  still  occur  in  the  case  of  workers  in  mercury 
mines,  in  mirror,  barometer  and  thermometer  factories,  and  in  other 
manufactories  in  which  mercury  is  used  and  its  fumes  are  inhaled  by 
the  workmen  for  prolonged  periods.     One  of  these  affections  is  the 

1  mercurial  erethism,  a  condition  of  abnormal  irritability,  timidity  or 
shyness,  accompanied  by  great  muscular  weakness,  and  sometimes 
developing  into  sleeplessness,  delirium  and  transitory  hallucinations. 
Another  well-known  form  is  the  marcurial  tremor,  which  affects  the 
hands  and  arms  first,  later  the  legs,  and  sometimes  extends  over  all 
the  muscles  of  the  body.    Shooting  pains  along  the  nerves  or  in  the 
joints  are  sometimes  complained  of,  circumscribed  areas  of  partial 
amesthesia,  amblyopia,  anosmia  or  deafness  have  been  described,  and 
I  in  some  cases  localized  paralysis  of  the  muscles  of  the  arm  or  leg  has 
I  been  induced.    These  last  differ  from  the  paralysis  of  lead  or  arsenic 
\  poisoning  in  the  fact  that  no  wasting  of  the  muscles  is  observed,  and 
/the  electrical  reaction  remains  normal. 

The  symptoms  of  mercurial  poisoning,  hoth  acute  and  chronic,  in 
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animals,  resemble  those  in  man  bo  closely  that  it  is  -anseceesarj  t 
describe  tbem  further. 

Action — Lov«r  Forms  of  Life. — The  action  of  mercury  on  proteins 
extends  to  all  forms  of  living  matter.  WheneTer  the  meta]  comes 
into  intimate  contact  with  albumins,  it  forms  the  albuminate  and 
destroys  life.  This  poisonous  action  is  naturally  much  more  evident 
when  soluble  preparations  are  used  than  when  the  oxides  or  calomel 
are  in  question.  Thus  corrosive  sublimate  in  a  solution  of  one  part 
in  50,000  destroys  infusoria  in  some  20  minutes,  and  even  one  part 
in  one  million  kills  algte  in  the  course  of  a  few  days.  The  effects  of 
mercury  in  syphilis  are  ascribed  to  its  affecting  the  specific  organism 
in  a  similar  way  and  here  the  metal  acts  in  still  greater  dilution, 
though  the  exact  amount  of  mercury  present  in  an  active  form  in  the 
tissues  cannot  be  estimated.  Here,  as  in  the  case  of  otber  specifics 
(quinine,  arsenic,  antimony,  etc.),  mercury  seems  to  have  a  stronger 
affinity  for  the  parasite  than  for  iJie  tissues  of  the  host,  and  even  than 
for  nearly  related  organisms;  for  mercury  has  little  effect  in  malaria 
or  trypanosomiasis,  that  is,  it  does  not  injure  the  organisms  of  these 
diseases  in  the  same  degree  as  it  does  that  of  syphilis.  The  bacteria 
are  somewhat  more  resistant  than  these  forms,  but  corroaive  subli- 
mate is  said  to  delay  the  development  of  some  of  these  in  a  solution 
of  one  part  in  one  million,  and  the  anthrax  bacillus  fails  to  grow  in 
blood  which  contains  one  part  in  8,000.  A  solution  of  one  part  in 
one  thousand  is  generally  regarded  as  capable  of  disinfecting  fluids 
completely  in  the  course  of  a  few  hours,  but  there  is  no  question  that 
the  pyrmipirliil  poTypf  "f  corrosive  sublimate  has  been  rmiff}i  ovprpnt.i- 
qialgd.  Thus  Qeppert  found  ttiat  the  spores  of  anthrax  could  be 
exposed  to  the  action  of  a  one  per  cent,  solution  for  many  hours  and 
BtiU  develop  as  soon  as  the  merenry  was.  entirely  removed.  There  is 
no  doubt,  however,  that  corrosive  sublimate  and  the  other  soluble 
salts  of  mercury  are  among  the  most  powerful  antiseptics  at  present 
available.  The  insoluble  preparations  are  less  poisonous,  owing  to 
the  difficulty  in  bringing  them  into  intimate  contact  with  the  microbes. 

In  the  Hl^r  Animals  and  in  Mam  the  same  destructive  effects  are 
induced  by  the  mercury  preparations.  The  corrosion  of  the  mouth, 
throat  and  stomach  when  the  perchloride  is  swallowed,  has  already 
been  mentioned.  When  it  is  applied  to  the  other  mucous  membranes, 
similar  effects  are  obtained,  and  when  it  is  injected  hypodermically, 
even  in  dilute  solution,  it  induces  intense  pain,  swelling  and  inflam- 
mation, which  is  rarely  followed  by  suppuration,  but  which  may 
result  in  the  formation  of  cicatrices.  Stronger  solutions  injected  into 
animals  often  cause  the  formation  of  cheesy  abscesses,  and  even  dry 
necrosis  of  the  skin  and  underlying  tissue.  The  hypodermic  or  in- 
tramuscular injection  of  insoluble  preparations  is  more  liable  to  cause 
abscess  formation,  because  the  mercury  is  slowly  absorbed  and  has 
therefore  more  time  to  induce  its  irritant  effects. 

When  solutions  of  corroaive  sublimate  are  applied  to  the  skin,  they 
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cause  a  feeling  of  numbueaa  very  often ;  bnt  when  very  strong  solu- 
tions come  in  contact  with  tender  parts  of  the  skin,  and  in  particular, 
when  the  salt  itself  is  allowed  to  lie  in  contact  with  it  for  any  length 
of  time,  deep  corrosion,  necrosis  and  slonghing  may  follow.  Even  the 
insoluble  preparations  are  liable  to  set  up  irritation  when  they  are 
rubbed  into  the  skin,  especially  if  there  is  any  pre-existing  tendency 
to  cutaneous  eruption. 

After  absorption,  mercury  acts  more  especially  on  the  alimentary 
tract  and  on  the  kidneys,  although  other  organs  are  not  exempt  from 
its  effects. 

The  Salivatioii  and  Stomatitis,  which  are  so  frequently  seen  under 
mercurial  medication,  are  obviously  u^jjj.dyg  to  thn  I^naJ  pctioit  of  the 
drug  on  its  way  to  the  stomach,  for  they  occur  eoually  readily  when  it 
ia  applied  by  hypodermic  injection  or  by  iuunctfjn.    The  salivation  is 

I  apparently  dne  to  the  direct  action  of  the  mercury  on  the  secretory 
apparatus,  for  it  often  appears  before  any  other  symptom  and  is  cer- 
tainly not  the  reflex  effect  of  the  irritation  of  the  mouth.  The  saliva 
is  sometimes  excref«d  in  enormous  amounts,  many  litres  of  it  being 
poured  out  in  the  course  of  twenty-four  hours.     It  contains  mercury, 

I     and  has  therefore  a  metallic  taste,  and  tends  to  irritate  the  lips  and 
skin  where  it  comes  in  contact  with  them.    In  extreme  cases  it  leads 
to  sleeplessness  from  its  accumulating  in  the  back  of  the  throat  and 
awakening  the  patient  with  a  feeling  of  suffocation.     The  stomatitis 
is  likewise  due  to  the  excretion  of  mercury  by  the  saliva  and  by  the 
other  mucous  secretions  of  the  mouth  and  throat.     The  irritation 
j  caused  by  the  metal  leads  to  excoriations,  and  these  to  the  formation 
of  ulcers,  particularly  where  microbes  are  present  in  large  numbers, 
}«s  around  carious  teeth.     The  necrosis  of  the  jaws  arises  from  these 
I  ulcers  penetrating  to  the  bone  and  setting  up  periostitis,  for  mercury 
)  in  itself  has  no  specific  action  on  the  bone  such  as  has  been  mentioned 
/   under  phosphorus. 

Mercury  has  less  direct  effect  on  the  Stomach,  though  congestion 
and  even  small  hfemorrhagea  in  cases  of  poisoning  indicate  that  it  is 
not  entirely  immime ;  the  loss  of  appetite  and  malnutrition  in  chronic 
poisoning  are  ascribed  to  the  presence  of  mercury  in  the  saliva  rather 
than  to  its  affecting  the  gastric  functions  directly.  In  the  Intestine, 
on  the  other  hand,  mercury  is  apparentlyexcretedinlarge  amount,  and 
induces  very  distinct  lesions.  The  parts  affected  are  the  raecum  and 
colon,  while  the  small  intestine  very  ofttn  escapes  almost  entirely. 
The  action  of  mercury  is  evidenced  by  hyperssmia,  redness  and  swell- 
ing of  the  mucous  membrane,  which  later  develop  into  necrotic  sur- 
faces and  ulcers  along  the  folds ;  these  lend  it  an  appearance  almost 
indistinguishable  from  that  of  chronic  dysentery  and  may  eventually 
end  in  perforation.  The  symptoms  from  the  intestine  are  in  accord- 
ance with  the  lesions,  consisting  in  constant  purging  with  very  fluid, 
sometimes  rice-water  stools,  intense  pain  and  tenesmus,  blood  and 
fragments  of  mucous  membrane  in  the  fseces. 

Small  doses  of  mercurials  given  by  the  mouth  act  as  Pnrgea.  cansing 
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soft  stools  generally  without  pain  or  straining.    The  insoluble  prepa- 1 
rations  are  used  for  this  purpose,  as  they  act  l^ast  on  the  stomach,  and  I 
the  mftrpiiriHl  purges  par  excellence  are  ealomel  and  the  metallic  prep- 1 
aratiop^^^itlaa^pill  and  gr^y  powderi     This  effect  is  apparently  due^ 
t(JTEeir  acting  as  intestinal  irritants  from  their  specific  action  on  the 
intestine.     They  are  not  dissolved  in  the  stomach,  which  is  therefon 
not  involved  in  their  effects.     In  the  intestine,  ofi  the  other  hand, 
their  longer  sojourn  and  special  affinity  for  the  epithelium  leads  t( 
their  partial  solution  and  to  dieir  irritant  action  being  developed 
A  small  proportion  of  these  insoluble  preparations  is  absorbed  iron 
the  intestine,  but  the  t^at  mass  is  thrown  out.  nnnhHnfrfiH  in  the  stools 
and  thus  very  large  doses  of  calomel  sometimes  induce  no  seriou 
symptoms.     Mercury  acta  in  the  intestine  even  when  the  bile  is  sup- 
pressed, and  the  stools  are  often  of  a  greenish  color,  which  has  be^ 
ascribed  to  a  metallic  compound  formed  in  the  bowel,  but  which  is 
really  due  to  bile  pigment.     This  is  ordinarily  decomposed  by  the 
microbes  in  the  intestine  with  the  formation  of  the  fsecal  pigment,  but 
mercury  from  its  antiseptic  properties  prevents  the  growth  of  the 
microbes,  and  the  bile  therefore  appears  in  the  stools  uudecomposed 
and  possessed  of  its  ordinary  color. 

The  mercurial  purges,  and  in  particular  calomel,  have  often  been 
credited  with  increasing  the  secretion  of  the  Bile,  but  this  has  been 
shown  to  be  incorrect,  for  Stadelmann  (in  animals)  and  PfafE  (in 
man)  found  that  they  had  no  effect  on  the  secretion  escaping  from  a 
biliary  fistula.  The  belief  probably  arose  from  the  green  color  of  the 
stools,  but  this,  as  already  mentioned,  is  due,  not  to  the  increase  of 
the  bile,  but  to  its  being  preserved  from  putrefaction  in  the  intestine. 
There  is,  in  fact,  no  sufficient  experimental  or  clinical  evidence  that 
the  liver  is  in  any  way  affected  directly  by  mercury.  The  "  bilious- 
ness "  which  is  so  often  relieved  by  calomel  or  blue  pill,  is  due,  not  to 
the  liver,  but  to  disorder  of  the  alimentary  tract. 

Mercury  has  no  such  powerful  effect  on  the  Unorganized  ferments  of 
digestion  as  it  has  upon  the  microbes,  for  though  large  amounts  of  the 
soluble  preparations  precipitate  the  pepsin  in  artificial  digestion  ex- 
periments, smaller  quantities  have  little  effect  Calomel  has  not 
action  on  the  digestive  ferments,  but  re^ds  the  putrefaction  in  thel 
intestine,  and  thus  limits  the  decompowtlon  oi  the  food.  Its  anti-l 
septic  action  is  aided  by  the  increased  peristalsis  which  follows  ital 
use,  and  which  removes  the  decomposing  mass  from  the  canal.  In* 
fact,  the  lessened  amount  of  double  sulphatee  in  the  urine  which  fol- 
lows the  use  of  calomel  may  be  ascribed  as  much  to  its  purgative,  as 
to  its  antiseptic  power. 

Another  organ  which  is  powerfully  affected  by  mercury  is  the  i 
BUdney.  A  moderate  dose  of  calomel  induces  marked  diuresis,  par- 1 
ticularly  in  cases  in  which  there  is  a  large  accumulation  of  fluid  in  the  I 
body,  as  in  dropsy  from  heart  disease.  In  other  forms  of  dropsy, 
such  as  that  arising  from  hepatic  cirrhosis,  or  from  renal  disease,  it  is 
less  reliable,  although  it  not  infrequently  increases  the  flow  of  uriiut 
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in  these  cases  also.  When  purging  follows  the  administration  of  the 
mercurial,  leea  diuretic  effect  is  observed. 

Iq  normal  individuals  and  in  animals  the  diuretic  action  is  gener- 
ally much  weaker,  although  some  recent  work  has  shown  that  it  can 
be  elicited  easily  in  rabbits  (Cohnstein).  In  view  of  the  fact  tliat 
mercurial  preparations  have  an  irritant  action  on  the  kidney,  it  woald 
seem  that  the  increased  secretion  of  urine  induced  by  calomel  and  by 
other  mercurials  is  most  probably  to  be  ascribed  to  a  direct  action  on 
the  epitheligjp. 

Iti  ripiifpTnprmirinI  pAjpftm'tifr,  when  death  doea  not  follow  in  the 
course  of  a  few  hours,  anuria  is  often  observed  both  in  man  and 
animals.  This  muria  is  due  to  the  renal  changes,  whit^  are  found 
to  consist  in  nej^roais  of  the  epithelium  of  the  tnbules  in  some  parts 

Iof  the  cortex,  xne  whole  organ  is  congested  and  the  glomeruli  are 
in  a  state  of  acute  inflammation,  but  the  necrosed  tubules  are  the  most 
prominent  feature.  Very  generally  in  the  rabbit,  less  often  in  the 
di^  and  in  man,  these  are  filled  with  a  deposit  of  phosphate  of  cal- 
cium, occasionally  intermixed  with  some  <^alk.  According  to  some 
pathologists,  it  is  deposited  first  in  the  tubules  and  only  when  these 
are  fiUed  does  it  force  its  way  into  the  cells,  but  a  more  probable  view 
is  that  it  is  thrown  out  in  the  necrosed  cells,  and  as  these  break  up, 
passes  into  the  tubules.  It  may  be  remarked  in  passing  that  several 
other  poisons,  such  as  bismuth  and  aloiu,  occasionally  induce  this 

These  renal  symptoms  have  been  observed  moat  frequently  in  cor- 
rosive sublimate  poisoning,  either  by  the  mouth,  or  from  absorption 
from  a  wound.  The  more  slowly  absorbed,  insoluble  preparations 
apparently  do  not  often  accumulate  in  sufBcient  quantity  in  the  blood 
to  induce  such  severe  effects.  At  the  same  time,  albumin  or  casts  are 
very  often  observed  in  the  urine  from  the  treatment  of  syphilitic  pa- 
tients with  mercury  in  any  form,  although  it  is  stated  that  this  is  less 
liable  to  occur  when  soluble  preparations  are  injected  hypodermically 
than  after  inunction  or  the  use  of  insoluble  salts  suhcutaneonsly. 
The  more  marked  the  action  on  the  intestine,  the  less  destruction  of 
the  kidney  is  observed  in  cases  of  severe  poisoning. 

The  lime  deposited  in  tlie  kidney  has  snggested  the  idea  that  mercurjr  has 
a  specific  action  on  Bone,  consisting  in  the  absorption  of  the  calcium,  and  an 
attempt  has  been  made  to  demonstrate  this  action  by  estimating  the  lime 
salts  in  bone  after  mercury,  and  comparing  the  amount  with  that  of  normal 
animals  of  the  same  size.  No  action  on  hone  has  been  established,  however, 
and  the  explanation  of  the  renal  deposit  as  due  to  decalcification  of  the  bones 
has  been  shown  to  he  incorrect  by  Klemperer,  who  found  that,  instead  of  being 
oversaturated  with  lime  which  it  deposits  in  the  kidney,  the  blood  actually  con- 
tains a  somewhat  smaller  amount  of  lime  than  normally.  The  lime  deposited 
I  in  the  kidney  is  evidently  drawn  from  that  normally  circulating  in  the  blood; 
in  necrosed  tissue  from  other  causes  lime  is  very  often  deposited,  although  not 
so  rapidly  as  in  mercury  poisoning.     Large  doses  given  repeatedly  lead  to  an 

1  increase  in  the  size  and  number  of  the  vessels  of  the  bone-marrow  and  the  fat 
cells  atrophy  rapidly;  later  gelatinous  degeneration  follows  and  the  cellular 
elements  of  the  marrow  disappear. 
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Mereiuy  seeniB  to  have  comparatively  little  direct  action  on  the  Olrcnlatlui 
in  caaes  of  poisoning,  and  most  of  the  changes  in  the  poise  are  to  be  ascribed 
rather  to  the  shock  and  collapse,  or  in  chronic  poisoning  to  the  cachexia  and 
malnutrition,  than  to  any  direct  effects  on  the  heart  and  vessels;  in  some  cases 
of  acute  poisoning,  however,  patches  of  fatty  degeneration  have  been  found  in 
the  heart.  In  the  frog  lai^  doses  of  soluble  salts  alow  and  weakeD  the  heart, 
and  mercury  salts  injected  into  the  blood  vessels  of  mammals  have  been  found 
to  cause  a  sndden  descent  of  the  blood-pressure  and  paralysis  of  the  heart. 
Subcutaneonsly  injected  into  animals,  the  soluble  salts  reduce  the  blood- 
pressure  more  gradnaUy,  but  at  the  end  a  very  sudden  descent  to  zero  occurs. 
The  action  is  in  part  on  the  heart  muscle,  in  part  on  the  peripheral  vessels. 

The  Bwpiratloii  is  also  only  affected  indirectly.  In  chronic  mercury  poi- 
soning marked  breathlessness  is  sometimes  observed  and  has  been  ascribed  by 
EuBsmaul  to  the  general  muscular  weakness. 

The  action  of  mercury  on  the  NerTona  System  is  very  obsonre.     In  | 
acute  poisoning  the  int«Ilect  often  remains  clear  to  the  end,  and  no  I 
symptoms  pointing  to  any  direct  affection  o£  the  central   nervous  I 
system  are  observed.    In  chronic  poisoning,  however,  the  higher  cen- 
tres are  undoubtedly  involved  in  the  effects,   as  is  shown  by  the 
erethism  and  occasional  hallucinations.    The  tremor  is  also  of  cerebral 
origin  probably,   though  this   is  not  yet   certain,   and  the  gener^ 
mus<^ular  w^akTipsa  is.  not  due  to  the  peripheral  muscles  and  nerves 
being  affected,  but  to  the  alferationa  in  the  nentrPB.     The  paralysis 
sometimes  observed  in  the  arms  or  legs  in  workers  in  mercury,  and 
the  areas  of  partial  aneesthesia  and  the  pains  in  joints  probably  arise 
from  peripheral  neuritis.    In  some  cases,  especially  where  the  tremor 
is  marked,  the  reflex  excitability  of  the  spinal  cord  has  been  found  to 
be  exa^erated,  but  it  is  generally  unaffected.    The  muscles  do  not  i 
seem  to  be  acted  on  directly  in  either  acut«  or  chronic  poisoning  in/ 
man,  and  even  when  paralysis  is  developed,  they  maintain  their  irri-| 
tability  and  do  not  atrophy. 

A  good  deal  of  interest  has  been  manifested  in  the  question  whether 
mercury  affects  the  Nutrition  in  any  way  except  through  its  action  on 
the  alimentary  canal.  Several  authors  have  stated  that  the  nrea  is 
increased  by  die  use  of  small  doses,  but  the  subject  is  a  very  difficult 
one  to  investigate,  for  when  any  save  the  smallest  doses  are  given,  the 
kidney  and  bowel  are  involved  in  the  effects,  and  the  prolonged  use  of 
mercury  is  restricted  to  experiments  on  animals  and  on  syphilitica. 
There  seems,  however,  good  reason  to  believe  that  very  small  doses  of 
mercury  given  for  some  time  increase  the  nutrition  and  weight  of  ani- 
mals. The  cachexia  of  chronic  poisoning  may  be  due  in  part  to  a 
specific  action  on  the  metabolism,  but  it  is  impossible  to  determine 
this  point,  because  the  alterations  in  the  alimentary  tract  are  in  them- 
selves sufficient  to  cause  such  symptoms.  Meyer  found  that  mercury 
lessened  to  some  extent  the  alkalinity  of  the  blood,  probably  by  the 
formation  of  lactic  acid  in  excess. 

Changes  in  the  Blood  Oorpiudafl  have  been  observed  under  mercurial 
treatment  in  a  number  of  instances,  but  there  is  as  yet  no  general 
agreement  as  to  wherein  these  consist,  and  it  seeme  not  unlikely  that 
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the  blood  reaction  in  health  is  different  from  that  in  syphilis  and  that 
it  may  vary  in  the  sucoesaive  stages  of  the  disease.  In  health  the  red 
corpusclee  and  the  hsmoglobiu  are  said  to  be  augmented  at  first  but 
afterwards  diminished,  while  in  syphilis  a  sharp  fall  in  the  amount 
of  hiemoglobin  is  succeeded  by  an  increase  to  beyond  that  present 
before  the  treatment.  Kuperwasser  states  that  in  healthy  persons 
mercury  increases  the  number  of  newly  formed  leucocytes  but  that 
this  is  more  than  counterbalanced  by  the  fall  in  the  older  cells ;  in 
syphilis  he  found  fewer  recently  formed  leucocytes  and  more  mature 
ones  after  mercury. 

Mercury  has  no  effect  on  the  Temperatiua  in  itself,  but  when  s;to~ 
matitis  or  skin  eruptions  are  developed,  some  fever  generally  accom- 
panies them,  while  in  collapse  the  temperature  may  fall  several  de- 
grees below  the  normal. 

I      Distribution. — After  its  prolonged  use  mercury  is  found  in  almost 
every  organ  of  the  body,  but  larger  quantities  are  found  in  the  kidney, 
intestinal  wall  and  Uver  than  elsewhere.    In  cases  of  acute  poisoning 
through  absorption  from  the  subcutaneous  tissue  or  from  wounded 
surfaces,  the  distribution  is  the  same.     The  statement  that  mercury 
1  is  stored  up  in  large  quantities  in  the  bones  has  not  been  confirmed 
I  by  the  more  recent  investigators,  but  traces  are  found  here,  as  in  the 
'  muscles,  brain,  lungs,  intestine  and  spleen. 

Mercury  Is  EUmlnated  by  almost  all  the  excretory  organs,  but  most 
largely  by  the  mt«8tine  and  kidney.J  It  has  been  found  in  small 
quantities  in  the  perspirafion,'^lttt79aLiyai  B^^t,  gaatEic-juice  and 
bilg,  and  has  been  shown  to  pass  to  the  Itetus  in  utero  through  the 
nTatientAl  (^ireulation.     The  excretion  in  the  urine  begins  within  an 
1  hour  when  mercury  is  injected  intravenously,  but  more  slowly  by  the 
I  ordinary  methods  of  administration;  for  example,  after  inunction, 
none  may  be  found  for  24  hours.     The  quantity  eliminated  daily 
'  I  rises  slowly  during  the  treatment  and  then  falls  gradually.   The  excre- 
tion is  very  slow  and  varies  according  to  the  method  of  administration ; 
there  is  no  question  however,  that  after  the  usual  methods  of  admini- 
stration in  syphilis  mercury  is  found  in  the  urine  for  months  and  in 
some  cases  for  years  after  the  last  dose.     No  accurate  estimation  of 
the  mercury  excreted  in  the  feeces  has  been  made,  but  it  is  believed 
that  less  is  excreted  here  than  in  the  urine  at  first,  but  that  later  the 
greater  part  may  pass  out  by  the  intestine.     The  administration  of 
potassium  iodide  does  not  accelerate  the  elimination  of  mercury.     In 
1  the  urine  the  mercury  probably  exists  for  the  most  part  in  the  form 
I  of  a  salt,  although  some  of  it  may  be  in  organic  combination. 

Mercury  forms  very  poiBonoas  compounds  witb  methyl  and  ethyl,  which 
are  apparently  very  slowly  decomposed  in  the  or^aniem  to  ordinary  forms, 
and  which  have  given  rise  to  fatal  poisoning  in  two  cases,  the  symptoma 
making  their  appearance  only  loug  after  the  ingestion.' 

*  Repp,  Arch.  t.  esp.  Path.  -a.  PhBnn.,  zziii.,  p.  91. 
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Tlienpentic  Usw- — The  chief  purpose  for  which  mercury  is  used 
intemallj  is  the  treatment  of  SypiUia.  Its  curative  effects  in  this 
disease  are  due  to  its  specific  destructive  action  on  the  spirocbfete 
pallidum,  the  organism  of  syphilis.  Long  a  subject  of  discussion, 
its  usefulness  in  this  infection  is  now  acknowledged  by  all  who  have 
studied  the  subject.  It  is  true  that  mild  cases  sometimes  recover  with- 
out the  use  of  mercury,  but  even  these  run  a  shorter  course  if  mercury 
is  administered.  And  in  many  others,  in  which  the  symptoms  show 
no  signs  of  abating  under  hygienic  measures,  mercury  causes  a  rapid 
and  permanent  improvement.  A  certain  number  of  relapses  un- 
doubtedly occur  after  the  mercurial  treatment  has  been  left  off,  butl 
it  seems  probable  tiiat  many  of  these  would  not  have  had  even  tem- 
porary relief  without  mercury.  In  a  certain  proportion  of  malignant 
forms  mercury  is  unable  to  arrest  the  progress  of  the  disease.  And 
the  late  syphilitic  changes  in  the  central  nervous  system  which  are 
manifested  in  tabes  and  in  the  general  paralysis  of  the  insane,  are 
not  prevented  by  the  mercurial  treatment  adopted  in  the  early  acute 
stages. 

The  effects  of  mercury  in  syphilis  present  many  analogies  to  that 
of  arsenic  and  antimony  in  trypanosomiasis;  in  each  a  protozoal 
parasite  in  the  tissues  is  in  some  cases  destroyed  by  the  specific  remedy, 
and  this  is  fortunately  often  complete  in  syphilis ;  but  in  other  cases 
a  relapse  occurs  from  some  of  the  organisms  surviving  the  first  treat- 
ment.    In  the  case  of  the  trypanosomes  these  survivors  are  more 
resistant  to  the  specific  than  the  original  infection,  but  this  has  not 
been  shown  to  be  the  case,  at  any  rate  in  the  same  degree,  in  syphilis.  > 
A  change  in  the  treatment,  however,  to  the  iodides,  or  a  combination  [ 
of  iodide  and  mercury  is  often  advantageous  exactly  as  in  trypano-  I 
somiasis  a  new  trypanocide  may  destroy  the  forms  which  are  re-  \ 
sistant  to  arsenic.    Finally  it  seems  probable  that  protozoa  which  have  i 
reached  the  central  nervous  system  are  not  susceptible  to  the  specifics  I 
at  present  in  use. 

At  the  present  time  mercury  is  administered  in  small  quantities,  j 
and  syphilologists  are  agreed  that  it  ought  not  to  be  allowed  to  induce  | 
any  but  the  earliest  symptoms  of  chronic  poisoning. 

A  question  that  is  still  debated,  and  which,  like  the  other  matters 
of  doubt  concerning  the  mercurial  treatment  of  syphilis,  has  given 
■  rise  to  an  overwhelming  literature,  is  whether  mercury  ought  to  be 
exhibited  as  soon  as  the  diagnosis  of  primary  syphilis  is  made,  or 
whether  the  advent  of  the  secondary  stage  is  to  be  awaited.  Praeticei' 
differs  in  this  respect,  but  probably  the  majority  of  physicians  do  not! 
prescribe  mercury  until  some  secondary  symptom  m^es  its  appear-1 
ance,  and  then  conCnne  its  administration  until  the  disease  disap-l 
pears,  or  until  salivation  or  stomatitis  warns  against  its  further  use.  I 
Some  authorities  recommend  that  mercury  be  continued  for  months 
after  the  secondary  symptoms  have  been  relieved,  in  order  to  prevent 
relapse,  but  this  is  less  rigidly  carried  out  now  than  in  the  earlier 
deciules  of  last  century.     In  tertiary  syphilis  mercury  is  g^ierally 
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Itxmsidered  inferior  to  the  iodides,  but  whsn  the  diseafle  attacks  anj 
important  organ,  euch  aa  the  brain  or  eye,  mencury  is  more  reliable, 
or  both  mercury  and  iodide  may  be  preacribed  together.  In  hered- 
itary syphilis  mercury  ia  much  more  efficient  than  iodidea. 

Mercury  haa  been  used  in  ayphilia  in  a  large  number  of  forms,  and 
of  late  years  many  new  preparations  and  new  methods  of  administra- 
tion have  been  proposed.  Mercury  cures  syphilis  by  destroying  the 
I  organism,  and  this  object  is  to  be  attained  by  introducing  enough  erf 
the  metal  to  act  on  the  apirochsete  without  injucing^ayTnptnmq  fmm 
its  action  on  the  tiaaues.  The  estimation  of  the  metal  absorbed  by 
flie  ditterent  torma  of  treatment  ia  thus  of  much  interest,  and  a  fairly 
accurate  idea  of  the  amount  absorbed  appears  to  be  given  by  thi^ 
excreted.  The  beat  clinical  reaults  appear  to  fdlow  from  a  rapid 
absorption  and  prolonged  excretion,  aa,  if  the  atay  of  the  mercury  in 
the  tiaaues  is  short,  relapses  are  liable  to  occur.     Formerly  mercury 

(was  given  by  the  mouth  or  by  inunction,  and  apart  from  the  specif 
clinics  and  the  syphilolc^sts,  the  internal  treatment  is  still  the  most 
popular  one.  The  preparations  generally  used  for  internal  adminis- 
tration are  corrosive  aublimate,  calomel,  or  the  metallic  preparations 
— blue  pill  and  gray  powder — ^the  last  being  used  most  widely  in 
England.  Calomel  and  the  metallic  preparations  are,  however,  very 
liable  to  induce  diarrhcea,  from  their  being  insoluble  and  thus  passing 
into  the  intestine  before  being  absorbed,  and  opium  is  therefore  often 
prescribed  along  with  them.  Calomel  is  also  credited  with  causing 
salivation  and  stomatitis  more  readily  than  the  other  preparations, 
perhaps  because  it  is  more  difficult  to  gauge  how  much  of  it  ia  ab- 
sorbed than  in  the  case  of  the  soluble  perchloride.  Large  amounte 
of  mercury  have  been  shown  to  be  absorbed,  when  calomel  and  other 
salts  are  taken,  but  the  concentration  in  the  blood  appears  to  vary 
more  irr^ularly  from  day  to  day  than  when  other  methods  are 
employed.  And  mercury  administered  by  the  month  is  in  all  cases 
more  liable  to  derange  the  digestion  than  when  administered  by  other 
chanuelB.  Accordingly,  inunction  was  introduced  to  avoid  the  dis- 
turbance of  the  stomach  and  intestine  caused  by  the  local  action  of  the 
mercury,  while  that  due  to  its  excretion  along  the  alimentary  tract 
remained  unchanged.  Mercury  ointment  is  rubbed  into  the  skin  and 
is  absorbed  in  part  from  the  ducts  of  the  glands  but  mainly  by  the 
lungs  as  vapour.  The  absorption  is  slower  than  by  internal  adminis- 
tration, but  ia  more  regular  and  lasts  longer  and  there  is  less  disturb- 
ance of  digestion.  The  objection  to  the  method  ia  that  it  is  incon- 
venient and  uncleanly,  and  that  it  is  even  less  possible  to  estimate  the 
amount  of  mercury  actually  absorbed  than  when  it  is  given  by  the 
mouth.  One  case  of  fatal  poisoning  has  been  recorded  from  the  oint- 
I  ment  being  applied  to  sore  hands.     Instead  of  mercury  ointment 

j  being  rubbed  into  the  skin,  one  of  the  plasteig,  o^Jint  containing 

I  mercurial  ointment  (Weylander)  may  be  applied  to  it,  permitting 

of  the  continuous  absorption  of  small  quantities  by  the  skin  and  by 
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i^^alatiop  of  the  vapor.    Or  a  mild  effect  may  be  induced  by  mOTCury  * 
in  a  state  of  ^e  division  being  carried  in  a  bag  in  the  clothing. 

In  1867,  Lewin  introduced  the  hypodermic  or  intramuscular  injec- 
tion oi  a  dilute  solution  of  corrosive  sublimate,  and  this  has  been  very  I 
widely  practised  of  lat«  years,  and  with  great  success.     The  advan-  I 
tages  of  the  method  are  the  avoidance  of  digestive  disturbance,  which  I 
is  shared  by  the  inunction  method,  its  cleanliness,  the  more  accurate  f 
estimation  of  the  amount  of  mercury  actually  administered,  and  the  I 
greater  rapidity  of  action.     The  absorption  is  very  rapid,  mercury 
appearing  in  the  urine  in  the  course  of  an  hour,  but  Uie  maximum 
is  soon  reached  and  much  of  the  metal  is  eliminated  in  two  or  three 
days.     Its  chief  disadvantage  is  the  pain  caused  by  the  injection, 
which  has  to  be  repeated  daily ;  some  inflammation  and  swelling  fol- 
low immediately,  but  no  suppuration,  when  ordinary  care  is  taken ; 
but  the  pain  is  very  intense  aod  persistent  and  many  patients  refuse 
to  continue  the  treatment.     Salivation  is  said  to  follow  this  method  I 
more  seldom  than  any  other,  and  relief  from  the  secondary  syphilitic  | 
symptoms  is  gained  sooner.     Lewin  continues  to  use  the  perchloride  1 
solution  and  prefers  it  to  any  of  the  modifications;  sodium  chloride  I 
or   urea  are  often   added  to  prevent  the  precipitation   of  prntftinsl 
and  the  consequent  local  irritation.     Utliers  have  advocated  the  pep-f 
tonate  or  albuminate,  or  salts  of  mercury  with  an  aminoacid,  suchl 
as  glycin,  fonnamide  or  succiniraide.     These  methods  are  said  to  ] 
lessen  the  pain  of  hypodermic  injection,  but  do  not  remove  it  entirely, 
probably  because  the  various  compounds  undergo  some  dissociation 
in  the  tissues,  and  the  free  mercury  ion  causes  the  same  Irritation  as 
if  the  perchloride  had  been  injected. 

Instead  of  the  soluble  preparations  of  mercury,  which  necessitate 
the  painful  injections  being  repeated  daily,  insoluble  salts  have  been 
injected  into  the  muscles  with  the  idea  that  these  being  slowly  dis- 
solved and  absorbed  from  the  seat  of  injection,  a  quantity  sufficient 
for  several  days  may  thus  be  given  at  one  time.  The  immediate  pain 
is  less  than  from  perchloride  injections,  but,  as  solution  takes  place, 
and  the  mercury  attacks  the  tissues,  the  part  becomes  extremely  pain- 
ful, swollen,  and  inflamed.  Suppuration  and  even  gangrene  have 
been  developed  in  a  very  considerable  number  of  cases,  and  in  others 
severe  or  fatal  mercuiy  poisoning  has  been  observed.  The  advantages 
of  the  method  are  that  the  physician  has  not  to  visit  the  pati^t  every 
day,  and  that  the  injection  need  only  be  made  once,  or  at  most  twice 
a  week.  On  the  other  hand,  the  local  lesions  are  often  very  severe, 
and  the  amount  of  mercury  absorbed  cannot  be  controlled  in  any  way. 
It  has  the  advantage  over  the  administration  per  os  that  the  digesti<Hi 
is  not  so  liable  to  be  disturbed.  In  spite  of  its  drawbacks,  this  method 
has  gained  a  wide  popularity  and  is  considered  more  certain  than  any 
of  the  others  except  the  injection  of  perchloride,  which  shares  its  dis- 
advantages. The  amount  of  mercury  in  the  circulation  (as  measured 
by  that  excreted)  is  subject  to  less  variation  than  is  the  case  with  other 
methods  except  inunction,  which  is  much  slower  in  effect.     The 


Vuf*^^!  P'^P*'"*'"'^'^^  most  commonly  used   are  calomel  suspended   in   salt 

v'^       j  solution  or  in  liquid  paraffin,  metallic  mercury  in  very  fine  diviaicm 

/  suspended  in  liquid  paraffin,  the  salicylate  and  the  thymol-acetate. 

The  oxides  have  also  been  proposed,  and  many  other  preparations 

have  received  a  trial  by  this  method. 

Other  methods  of  iatroducing  mercury  into  the  tissues  are  more  rarely 
employed.  The  intravenctu  injection  of  the  percbloride  has  been  suggested 
for  the  treatment  of  cases  in  which  there  is  urgent  haste,  but  is  scarcely  to 
be  recommended  in  ordinary  infectiaus,  as  there  is  danger  of  embolism;  and 
while  the  blood  contsins  a  large  quantity  for  a  short  time,  tbe  concentration 
falls  very  rapidly  from  the  metal  being  eliminated. 

Suppositoriea  of  mercury  have  been  used  to  some  extent  and  are  said  to 
disturb  the  digestion  less  than  the  administration  per  os. 

Mercury  fumigations  have  also  been  practised  to  a  limited  extent,  the  vapor 
of  mercury  being  freed  by  heating  calomel  or  the  sulphide.  The  patient  sits 
in  a  wooden  tent  up  to  his  neck,  and  the  mercury  deposited  on  the  skin  is 
absorbed.  The  method  is  very  cumbrous  and  tbe  quantity  of  mereuiy  taken 
up  cannot  be  controlled. 

Mercury  was  recommended  by  Hamilton  in  the  beginning  of  last 
century  in  the  treatment  of  Acuta  FobrUe  Affoctlona,  and  the  greatest 
abnse  unquestionably  prevailed  in  the  earlier  decades.  Later  its 
sphere  of  usefulness  was  restricted  to  the  treatment  of  inflammation 
of  the  serous  membranes — pleurisy,  meningitis,  pericarditis,  peri- 
tonitis—and  many  physicians  still  maintain  that  it  checks  the  effusion 
and  promotes  the  healing  of  these  diseases.     Others  deny  that  mer- 

(cury  pOBsesses  any  virtues  in  these  cases,  and  its  use  is  undoubtedly 
becoming  more  limited ;  in  aniif;ft  irJti^  it  ia  still  uapd  nlmnst  imivei- 
sally.  In  these  cases  it  is  always  administered  by  the  mouth  in  the 
form  of  calomel,  blue  pill  or  gray  powder. 

).Ap  a  PnrgatiT*  mercury  is  very  frequently  prescribed  in  "bilious- 
ness" and  in  putrefactive  diarrhoea.  It  acts  partly  from  its  anti- 
qeptic  power,  hut  mainly  by  removing  the  putrefying  contents  "^^n 
the  intestine;  calomel,  blue  pill,  or  gray  powder  is  usually  employed 
with  or  without  the  addition  of  a  vegetable  purge. 

Calomel  has  proved  of  only  doubtful  value  a»  an  intestinal  anti- 
septic in  typhoid  fever,  dysentery  and  other  similar  conditions. 

Calomel  and  other  mercurials  have  long  been  known  to  be  of  value 
in  cases  of  Dropsy.  The  best  preparation  is  calomel,  given  in  0.2  G. 
(3  grs.)  doses  three  times  a  day  or  in  0.1  G.  (2  grs.)  doses  5—10  times 
a  day.  It  is  of  great  value  in  certain  cases  of  gardiac  dropsy,  but  is 
less  reliable  in  the  accumulations  of  fluid  met  with  16  tepatit  or  renal 
disease,  although  here  too  its  administration  is  sometimea  followed  by 
the  rapid  excretion  of  the  fluid.  It  does  not  seem  to  be  contra- 
indicated  in  chronic  nephritis,  although  its  action  has  to  be  carefully 
controlled.  It  has  no  effect  in  removing  the  exudations  of  acute 
inflammation  such  as  pleurisy. 
I  Mercury  is  used  Eitanially  as  a  Disinfectant  wash  in  surgical  opera- 
I  tions,  chiefly  in  the  form  of  the  percbloride,  but  also  as  the  cyanide 
/  and  oxycyanide.     It  is  irritant  to  wounds,  however,  and  is  liable  to  be 
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absorbed  wben  applied  to  large  surfaces,  and  several  cases  of  fatal 
poisoning  have  been  recorded  from  the  use  of  even  the  most  dilnte 
solutions  of  corrosive  sublimate  to  wash  out  the  uterus  and  vagina. 
These  preparations,  more  especially  the  perchloride,  have  also  the 
disadvantage  of  attacking  steel  instruments. 

Numerous  ointments  have  been  applied  externally  in  the  treatment 
of  SUa  Diseuaa,  particularly  those  of  a  parasitic  nature,  such  as  iteh, 
and  in  condylomata,  ulcers  and  skin  diseases  of  syphilitic  origin. 
These  preparations  combine  a  disinfectant  with  a  more  or  less  irritant 
action,  and  unlike  carbolic  acid  and  its  allies,  are  equally  powerful 
antiseptics  in  ointments  and  in  water.  The  least  irritant  of  the  phar- 
macopceial  ointments  is  the  mercury  ointment ;  then  the  oleate,  yel-j 
low  oxide,  red  oxide  and  ammoniated  mercury  follow  in  order,  whilel 
citrine  ointment  is  much  more  irritant  and  corrosive.  Other  external 
applications  are  the  plasters  and  the  black  and  yellow  wash.  Oint- 
ments containing  calomel,  corroeive  sublimate  and  other  preparations 
are  sometimes  prescribed,  or  calomel  may  be  used  as  a  dusting  powder 
in  syphilitic  ulcers.  The  mercury  ointments  are  frequently  applied 
to  the  eye,  the  milder  ones  as  antiseptics  and  slight  irritants,  citrine 
ointment  to  destroy  granulations. 

Mercurial  ointments  are  sometimes  employed  to  promote  the  absorp- 
tion of  subcutaneous  effusions  and  to  reduce  swellings.  They  are  not 
superior  to  other  irritants  for  this  purpose,  however,  and  have  the 
disadavantage  of  permitting  the  absorption  of  a  dangerous  poison. 

The  nitrate  of  mercury  and  its  ointment  (citrine)  are  sometimes 
used  as  caustics  for  application  to  the  os  uteri,  condylomata  and 
elsewhere. 

Mercury  treatment  isOoittraindlc«tad,or  requires  special  caution  in 
cases  of  profound  cachexia,  weaknese  or  aneemia,  unless  these  arise 
from  syphilis.  Where  the  digestion  is  weak,  it  ought  to  be  avoided  if 
possible,  and  in  cases  of  tuberculosis  there  Is  always  the  danger  that 
the  disturbance  of  the  digestion  may  accelerate  the  course  of  the  dis- 
ease. In  severe  nephritis  it  is  also  to  be  used  with  caution,  Rltbou^ 
it  is  beneficial  in  some  cases,  and  although  some  authorities  deny  that 
it  is  injurious  even  when  it  has  no  diuretic  action.  In  pregnancy 
mercury  is  not  absolutely  contraindicated,  at  any  rate  up  to  the  sixtii 
month,  later  it  is  liable  to  injure  the  patient  by  its  action  on  the 
digestion,  and  in  some  cases  has  induced  abortion ;  the  child  may  also 
suffer  from  mercurial  poisoning.  Mercurial  ointments  or  dusting 
powders  have  to  be  used  with  care  when  iodides  are  being  adminis- 
tered internally,  as  the  iodide  excreted  forms  the  iodide  of  mercury, 
and  this  may  cause  violent  corrosion.  Thus  in  the  eye,  severe  effect* 
have  been  induced  by  the  application  of  calomel  to  the  cornea  while 
iodide  was  being  given. 

In  cases  of  Acuta  OorroslTe  Poisoning,  the  indications  are  the  evacua- 
tion of  the  st(Hnach,  preferably  by  the  stomach  tube.  Tannic  acid, 
or  e^Sf  milk  and  other  albuminous  substances  may  be  given  to  pre- 
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cipitate  the  metal  and  protect  the  maeous  meinbraiie.     The  treatment 
of  the  later  symptoms  is  the  same  as  that  of  the  chronic  form. 

In  Obnmlc  Poisoning  the  Balivation  and  stomatitis  are  treated  hj  the 

<    nse  of  potassingf  p^lnpa^fi  solution  as  a  mouth  waab,  and  its  free 

1   application  during  mercurial  treatment,  along  wiQi  careful  brushing 

\  of  the  teeth,  is  believed  by  most  physicians  to  hinder  the  onset  of  the 

I  symptoms.     Tannic  acid  solution  is  also  recommended  as  a  month 

I  wash.     The  diarrbcea  may  be  treated  with  opium,  the  other  symptomB 

on  ii^neral  principles.     In  any  case  the  drug  ought  to  be  abandoned, 

or  the  dose  much  reduced  as  soon  as  the  salivation  becomes  marked. 

Iodide  of  potassium  and  hot  baths  or  sulphur  baths  are  often  advised 

in  chronic  poisoning  with  the  view  of  accelerating  die  eliminati<Hi  of 

the  metal,  but  careful  estimations  have  shown  that  they  have  no  such 

effect. 

Pbefabations. 

l»ll  'MA.         HYJffi^GTRI   CnifiSipOM  ^COTBOSrVUM    (U.   S,   p.),   HmaABGTItI  Pebchlo- 

-i  i-    AaT^'  *'''''*'  (BrF.),  cointOSiVE  8DBUMATE  (HgCl,)  fomis  heavy,  colorless  crystals, 
*     ^  t  r'    ^fWithout  odor,  but  possessing  an  acrid,  metallic  taste,  solnble  in  16  parts  of 
1 1  |(()  ti^'lii^cold  water,  in  2  parts  of  boiling  water,  in  3  porta  of  alcohol,  and  in  i  parts 
of  ether.    2-4  m^  (VSrf*  gr-)- 

LiqcoB  HTDaiRGYRi  PsBCHX^Bmi  (B.  P.)  contEuns  Vb  gr-  in  a  fluid  dr., 
i-1  fl.  dr. 

Corrosive  sublimate  is  one  of  the  most  irritant  preparations  and  is  rapidly 

!  absorbed.  It  is  used  iotenuaUv  in  syphilis  in  one  per  cent,  solution  and  is 
also  injected  hyppdermicairY  in  ft  fj  j— ■■■  "™t"  .j^i'ipfin,  ''  ip  (30  mins.) 
i^y.  This  EolntiiUI  U  olten  made  up  with  6  per  cent,  of  s^i^mj^Jande 
or  urea.  Perchtoride  of  mercury  is  less  liable  to  induce  salivation,'  but  dia- 
turbs  the  digestion  more  than  other  preparations  when  given  internally, 
while  its  hypodermic  injection  is  exceedingly  painful.  It  has  indnced  fatal 
poisoning  in  the  dose  of  0.18  Q.  [3  grs.],  taken  by  the  mouth,  but  in  other 
■  cases  much  larger  quantities  have  been  ^recovered  from.     It  is  stated  that 

?  KrtVP***"**  opium  eaters  can  take  enormous  quantitieaNrithont  evil  effects. 

(It  is  used  extensively  in  surgery  as  an  antiseptic  solution  (1  in  2,000-4,000), 
to  disinfect  the  hands,  woimds,  etc.,  bat  is  irritant  to  delicate  tissues,  endi 
as  the  peritoneum,  and  corrodes  steel  instrnments.  It  ia  also  used  in  the 
form  of  a  soap  and  to  impregnate  bandages,  cotton-wool,  gauze,  catgut  and 
eil^  It  preserves  its  antiseptic  action  in  oils  and  ointments.  It  has  been 
Qsed  to  a  limited  extent  in  skin  diseases  in  solution,  la  baths,  or  in  ointment, 
as  a  local  application  in  diphtheria  and  as  an  intestinal  antiaepliG  in  pntra- 
factive  diarrhcea,  typhoid  fever  and  cholera. 

HYDRAjaiTBi  lODiDtfM  RtTBRUM  {U.  S.  P.,  B.  P.),  red  iodide  of  mercury, 
biniodida  of  mercury  (Hgl,),  a  scarlet-red,  amorphous  powder,  tasteless  and 
odorless,  almost  insoluble  in  water,  but  soluble  in  solution  of  iodide  of  potaa- 
aum.    2-4mg8.(,V-A    gr.). 

This  preparation  is  very  seldom  prescribed  m  such,  but  is  frequently 
formed  by  prescribing  a  mixture  of  corrosive  sublimate  and  potasde  iodide, 
when  the  iodide  of  mercury  is  formed  and  is  kept  in  solution  by  the  excess  of 
the  iodide  of  potassium.  This  prescription  is  often  indicated  in  the  transi- 
tional period  between  secondary  and  tertiary  syphilis,  and  even  when  the 
tertiary  symptoms  are  fully  developed. 
V  Liquor  Arseni  et  Hydrargyri  lodidi  (U.  S.  P.,  B.  P.),  Dm^ovtui's  solntion, 
contains  one  per  cent,  each  of  arsenic  iodide  and  red  mercuric  looioe.  used 
as  a  tonic  in  syphilitic  and  other  cases.  0.05-0.5  c.c.  (1-8  mins.). 
Unguentum  Hydrargyri  lodidi  Ruhri  (B.  P.),  4  per  cent. 
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Hmercurous  chloride,  calomel  (Hg.Cl,),  a  heavy  white  powder,M''~  '5^ 
without  odor  or  taste,  insoluble  in  water,  alcohol  and  ether.     0.03-0.3  Q.  (J^/"  '^^  "f  V- 


gis.)  in  powder,  less  suitably  in  pill  foim. 

UnguentuM  Hydrargyri  Snbchloridi  (B.  P.),  10  per  cent. 

Calomel  is  contained  in  the  compound  cathartic  pill  U.  S.  P.  (p.  107). 

Calomel  is  used  in  ^philis  (dose,  0.05  G.  (1  gr.)  thrice  daily),  but  is  cred- 
ited with  being  more  liable  to  induce  salivation  than  other  preparations,  and 
its  purgative  action  often  has  to  be  counteracted  by  opiam.  A  suspension  of 
1  part  calomel  in  20  parts  of  10  per  cent,  salt  solution  or  liquid  paraEBn  is 
often  injected  into  the  buttock  in  syphilis;  the  dose  of  calomel  by  this  method 
is  0.05-OJ  Q.  (l-li  grs.)  once  a  we^.  As  a  purge^and  intwHrml  Hininfm-fiint. 
it  is  of  value  in  biliousness  and  in  the  diftn-tirBBiiif  piiirffftnitV^rii  1°br  fw  in 
diseases  in  which  the  intestinal  wall  is  the  site  of  infection,  as  in  typhoid  fever 
and  cholera.  Calomel  causes  less  irritatinn  anrl  p^'Wp  than  moat  oUier  purges, >  -i 
and  small  doses  are  followed  by  orily^^^e  evacuation.  It  may  therefore  be}  > 
given  where  preeziBting  irritation  ot  the  inteeime  contraindicates  the  use  off 
most  other  purgatives.  Calomel  is  often  advised  in  hepatic  affections,  but  it 
is  a  question  whether  it  has  any  effect  here  except  as  a  purge.  It  is  of  great 
value  in  some  forms  of  dropsy,  especially  those  of  cardiac  origin,  in  which  it 
is  administered  in  0.2  07(3  gr.)  doses  thrice  a  day  for  Z-i  days,  and  is 
stopped  as  soon  as  the  diuresis  sets  in.  The  treatment  may  be  repeated  if  the 
dropsy  returns.  Alkalies  are  often  added  to  calomel  prescriptions  on  the 
ground  that  in  this  way  there  is  less  danger  of  the  calomel  being  changed  to 
)  sublimate  in  the  stomach;  for  the  same  reason  acids  are  often 


avoided  for  some  time  after  calomel  is  taken.  As  a  matter  of  fact  these  fears  a 
are  quite  groundless,  as  cajomel  is  not  changed  to  tbe  perehloride  in  the  | 
stomach  and  it  is  therefore  quite  unnecessary  to  add  alkalies  to  calomel. 

Calomel  has  been  used  externally  as  a  dusting  powder  for  syphilitic  condy-  i, 
lomata,  as  a  slight  irritant  to  the  cornea  and  as  an  ointment  in  pruritus  and  r 
other  skin  diseases.  I 

Eydrarffyri  lodidum  Flavutu  (U.  S,  P,)>  yellow  or  green  iodide  of  mercury  I 
(HgJ,),  a  bright  yellow  amorphons  powder,  tasteless  and  odorless,  insoluble) 
in  water,  alcohol  or  ether.    10  mgs.  ((  gr.). 

It  has  been  used  in  syphilis,  with  the  idea  of  uniting  the  virtues  of  the 
iodides  and  of  mercury.     But  the  quantity  of  iodide  is  altogether  inadequate. 

HYDRARGZBOM-giTM  Creta  (U.  S.  P.,  B.  P.),  mercurj  with  chalk,  qpAT 
POWTJER,  IS  formed  by  rubbing  up  metallic  mercury  with  chalk  and  honey  (U. 
STT.)  until  the  mercury  is  divided  into  very  fine  globules,  each  encased  in 
chalk.    It  forms  a  light-gray,  somewhat  damp  powder,  without  odor  and  with  ,  - 

a  sweetish  taste  from  the  honey.     The  mercur;'  (38  per  cent.  U.  S.  P.,  33  -'  --^  ^■ 
per  cent.  B.  P.)  remains  in  the  metallic  state,  very  little  oxide  being  formed. 
It  is  insoluble  in  water,  alcohol  and  ether,  and  is  always  prescribed  in  powder 
form.     0.1-0.5  Gl.  (2-8  grs.)- 

Mabsa  HjaniBClEi  (^-  S.  p.),  mass  of  mercury,  bltje  mass,  blue  pill, 
is  formed  from  metallic  mercury  by  mbomg  it  Wtfi  Mel  ttosae,  glycerin, 
althtea  and  liqiiorice  until  the  globules  are  invisible  under  a  lens  magnifying 
ten  diameters.     The  blue  mass  contains  about  33  per  cent,  of  mercury  almost        j*-  * 
entirely  in  the  metallic  form.    It  is  of  the  consisLeuuy  Uf  yilbi  aud  -is  always     •  *'  ^ 
prescribed  in  this  form.    0.25  G.  (4  grs.). 

Pildla  Htdraroybi,  blue  pill,  the  corresponding  B.  P.  preparation,  is 
made  up  with  confection  of  roses  and  liquorice  by  rubbing  them  with  metallic 
mercury  until  the  globules  are  no  longer  visible.    4-8  grs. 

These  preparations  are  very  largely  used  aa  mild  mercurial  purgatives, 

the  blue  pill  being  frequently  reinforced  by  the  addition  of  one  of  the  v^e- 

table  purges.    The  gray  powder  is  especially  adapted  for  children,  and  is  of 

value  in  summer  diarrbcea  and  other  similar  conditions.    Bine  pill  is  often 
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given  in  cardiac  dropsy  along  with  equills  or  digitalis,  but  has  proved  inferior 
to  calomel  as  a  diuretic.  Gray  powder  is  held  by  some  authorities  to  be  the 
best  form  for  the  interna!  treatment  of  syphilis,  and  is  given  in  doses  of  0.05 
Q.  (1  gr.)  3  to  5  timeG  a  day;  if  necessary,  opium  may  be  given  to  prevent 
purging.  The  blue  pill  may  also  be  used  in  syphilis  and  is  less  liable  to 
_.  purge. 

V  Ungcehtum  Htdbahctei  (U.  S.  P.,  B,  P.),  mercurial  ointment,  Bbtrs 
OiNTMEHT,  is  formed  by  triturating  metallic  mercury  with  lard  and  suet  and 
oleate  of  mercury  until  the  globules  ore  invisible  when  magnified  ten  diam- 
eters. The  ointment  contains  about  one  half  its  weight  of  metallic  mercury 
along  with  a  small  proportion  of  oleate. 

Unguentum  Hydrargyri  Compoaitum  (B.  P.)  contains  camphor  and  Is 
flomewhat  weaker  than  blue  ointment. 

V    Dnguentam  Bj/drargyri  Dilutum  {U.  S.  P.)  contains  2  parts  of  mcrcnrial 
ointment  with  1  part  of  petrolate. 

The  famous  blue  ointment  is  used  largely  in  many  forms  of  skin  fliiaaaowj 
especially  in  those  of  syphilitic  origin,  and  was  formerly  the  ordinary  treat- 
ment for  scabies,  in  wMch,  however,  it  has  been  supplanted  by  balsam  of  Pern 
and  other  remedies,  though  it  is  still  used  occasionally  to  destroy  pedicoli. 
The  most  important  purpose  for  which  bine  ointment  is  applied  at  the  pres- 
ent time  is  the  treatment  of  gypMl^"  ^y  iri"1''''ift"  -For  this  purpose  ^-4  G. 
(i-1  dr.)  is  nihh^d  in  Hajlv  jn  different  parts  of  the  body,  in  order  to  avoid 
thrirritation  inJuced  by  applying  it  repeatedly  to  one  spot,  A  warm  bath 
is  taken  first,  and  the  patient  then  rubs  in  the  ointment  on  the  inside  of 
the  thighs,  next  day  on  the  inside  of  the  arms,  on  the  following  days  on 
the  forearms,  lege,  abdomen  and  back,  returning  to  the  thighs  on  the  seventh 
day  and  repeating  the  series.  The  treatment  is  continaed  for  a  fortnight  or 
three  weeks.  This  method  has  the  advantage  that  the  digestion  is  less  affected 
^ffti  w)|on  fhfl  Amp  i^  fiY**!!  inf""°l'Ti  but  on  the  otner  band,  tne  mercury 
is  more  slowly  absorbed  than  by  other  methods;  and  no  estimate  of  the  quan- 
tity really  taken  up  can  be  formed,  as,  although  the  patient  is  directed  to  rub 
it  in  until  the  whole  disappears,  the  instructions  may  be  imperfectly  carried 
out.  Salivation  is  not  so  readily  produced  as  by  the  administration  per  os, 
but  when  it  occurs,  it  lasts  longer  and  may  become  severe.  One  case  of  fata] 
pioisoning  has  been  recorded  from  the  application  of  the  ointment,  but  in 
this  case  the  skin  appears  to  have  been  broken.  ^If'i  rB°*]"  apejnyre  fre- 
jiugat-^m  inunction  than  from  any  other  method  of^A^plIgitPon.  an5  flnalTy, 
The  mpthmi  ifi  pTtrpTnply  ]Tipf>i^vi;T;^l»ril  glll^  illjlV"  In  Children  the  ointment  is 
often  applied  by  spreading  it  on  a  bandage,  which  is  then  applied  around  the 
Waist.  In  skin  disease  and  in  very  hirsute  individuals,  the  inunction  treatment 
Is  impossible. 

Oleum  Cinereum,  or  gray  oil  (not  official),  is  a  suspension  of  metallic  mer- 
cury in  lic|uid  par^*fin  "''  '"  '■""''"  '■^l^  fljl,  """^  is  used  in  syphilis  by  ^ixtr 
muscular  injSCggn.  It  often  is  made  up  to  contain  2Q  per  cent,  of  mercury, 
anJPBle  dose  is  then  2-3  c.c.  ^"^1  °  week.  ,— ^— 

Okatiim  Hydrargyri  (U.  K.  P.),  Hydrargyri  Oleas  (B.  P.),  oleate  of  mer- 
cury, has  been  used  for  the  same  purposes  as  mercury  ointment,  bat  is  some-, 
what  more  irritant  and  possesses  no  compensating  virtues. 

Urtguentum  Hydrargyri  Oleatis  (B.  P.),  1  part  in  4. 

Emplaatrum  Hydrargyri  (D.  S.  P.,  B.  R),  mercury  plaster,  is  formed  in 
the  same  way  as  the  ointment  by  the  trituration  of  metallic  mercury. 

The  plaster  is  sometimes  applied  to  chancres  and  to  syphilitic  ulcers,  and 
has  been  used  instead  of  the  ointment  as  a  treatment  of  ^philis, 

HyDRABGTKi  OxTDUM  Flavttm  (U.  S,  P.,  B.  p.),  yellow  mercuric  oxide. 

Hydrargyri  Ohdvk  Robkou  (U.  S.  P.,  B.  P.),  red  mercuric  oxide. 

Ukgubntdii:  Hydrargybi  Oxmi  Flavi  (U.  S.  P,  10  per  cent.,  B.  P.  2  per 
cent). 

TTNauENTCM  Hydrargyri  Oxidi  Btjbri  (U.  S.  P.,  B.  P.),  10  per  cent 
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The  two  ozidea  ar^  identical  in  constitution    (HgQL.but  the  yellow  ig  . 
<tj>tained  by  precipitation  iTom  the  perciiloride.  the  red  bv  ftTMatimi  nV  fhp  \ 
metal  by  mMHB  nf  hitne  acid.^  'i'he  red  is  crystalline,  the  yellow  amorphoua,    I 
ana  boTh  are  practically  insoluble  in  water  and  alcohol,  but  are  soluble  in    | 
acids.     The  red  oxide  is  more  irritant  than  the  yellow  on  account  of  its  crys- 
talline form,  and  perhaps  also  because  it  often  contains  some  nitrate.     The 
yellow  oxide  ia  used  in  ointment  in  various  diseases  of  the  eye,  and  both  are 
employed   as   applications    to    syphilitic    sores,   condylomata    and   chancres, 
although  the  red  is  often  preferred  for  this  purpose. 

Two  famous  preparations  of  mercury  are  the  black  and  the  yellow  wash,  ■ 
the  former  prepared  from  calomel,  the  latter  from  corrosive  sublimate  by  the! 
action  of  lime  water.  The  black  wash,  Lotto  Hydrargyri  Nigra  (B.  P.),  con-/ 
tains  mercurons  oiide  (Hg,0),  the  yellow,  Lotio  Hydrargyri  FUtva  (B.  P.),| 
merenric  oxide  (HgO).  The  oxides  are  in  both  cases  insoluble  and  the  lotions) 
have  to  be  shaken  before  application.  They  are  used  in  syphilitic  lesions  as 
local  remedies. 

Hydrargyrum  Ammoniatum  (U.  S,  P.,  B,  P.),  mercuric  ammonium  chloride, 
white  precipitate  (NH^gCI),  is  formed  by  precipitating  corrosive  sublimate 
with  ammonia,  and  is  a  white,  amorphous  powder,  without  odor  and  with 
an  earthy,  metallic  taste,  almost  insoluble  in  water  and  alcohol. 

tJnguentum  Hydrargyri  Ammoniati  (U.  S.  P.,  B.  P.),  10  per  cent. 

The  white  precipitate  is  not  used  internally  and  is  more  irritant  than  the 
oxides.  The  ointment  is  occasionally  applied  in  sicin  diseases  and  to  destroy 
parasites. 

Liquor  Hydrargyri  Nitratis  (U.  S.  P.,  B.  P.),  solution  of  mercuric  nitrate, 
contains  abont  60  per  cent,  of  the  nitrate  (Hg{NO,),)  along  with  about  11 
per  cent,  of  free  nitric  acid.  It  is  a  powerfully  corrosive  fluid  which  is  used 
to  cauterize  the  os  uteri,  cancers  or  condylomata.  Symptoms  of  mercury 
poisoning  have  arisen  from  its  application  to  the  os  nteri. 

Uhouzntum  Htdrahoyri  Nitratis  (U.  S,  P.,  B.  P.),  citrine  ointment,  is 
oaed,  diluted  with  oil  or  lard,  in  conjunctivitia,  and  also  as  an  application  to 
syphilitic  sores  and  gangrenous  ulcere. 

UngueTitum  Hydrargyri  Citratis  DUutum  (B.  P.). 

A  Urge  number  of  new  preparations  of  mereury  have  been  introduced  of 
late  years  and  have  received  a  more  or  less  extensive  trial,  but  have  seldom 
been  found  to  be  superior  to  the  older  forme.  Among  these  may  be  men- 
tioned the  tannate,  which  was  introduced  in  the  hope  that  it  would  cause  less 
puliation  than  calomel,  and  might  therefore  be  better  adapted  for  the  treat- 
ment of  syphilis.  0.1-0.3  Q.  [2-5  grs.)  in  powder.  The  carbolale,  salicylate 
{either  neutral  or  basic),  beneoate,  sozoiodolate,  thymol-acetate  and  many 
other  similar  compounds  have  been  used  instead  of  calomel  for  hypodermic 
or  intramuEcular  injection,  have  each  in  succession  been  blazoned  forth  as  the 
best  preparation,  and  will  probably  be  fltrgotten  in  the  course  of  a  few  yeare. 
Several  amino  acid  salts  of  mereury  such  as  the  formamide,  the  amino- 
propioTtate  (alanin  mercury)  and  the  swccinimide  have  been  proposed  as  sub- 
stitutes for  corrosive  sublimate  in  hypodermic  injection.  It  was  believed  that 
the  affinity  of  mereury  for  nitrogen  being  satisfied  in  these  compounds,  it 
would  attack  the  proteins  less,  and  as  a  matter  of  fact,  the  injectioDs  are  said 
to  be  less  painful  than  those  of  corrosive  sublimatfi.  Colloid  mercury  (Hyrgol) 
has  been  injected  intramuscularly,  but  has  no  advantage  over  the  older  prepa- 
rations. 
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m.    IRON. 

Iron  differs  from  the  other  heavy  metals  in  beipR  easentjal  Jo  the 
Jjlfi,  of  many,  perhaps  all,  forms  of  protoplasm.  In  tiievertehrateB 
this  is  obscured  by  the  fact  tiiat  most  ot  tne  iron  is  containeSmthe 
baimoglobin  of  the  blood,  and  its  iraportanoe  in  the  other  tissues  is 
generally  ignored.  In  the  invertebrates,  however,  in  many  of  which 
no  corresponding  compound  exists  in  the  blood,  considerable  amounts 
of  iron  are  found  in  the  tissues,  and  there  is  no  question  that  through- 
out the  animal  kingdom  iron  is  essential  to  living  matter,  quite  apart 
from  its  special  relation  to  the  blood  in  the  vertebrates.  Moliach  haa 
shown  that  it  is  also  necessary  for  the  development  of  the  lower  v^e- 
table  forms,  and  it  has  been  foimd  that  in  its  absence  the  higher  planta 
fail  to  form  chlorophyll,  although  iron  is  not  actually  contained  in  the 
latter  as  it  is  in  htemoglobin. 

(The  iron  combinations  £rg  generally  divided  into  two  classeA — 
inorganic  and  organic^  ^'  lifnie  former  of  these  iron  is  contained  in 
the  ordinary  salt  form,  is  dissociated  in  solution,  and  can  be  r©c(^ 
hized  by  such  tests  as  the  black  precipitate  with  ammonium  sulphide. 
and  the  blue  precipitates  with  the  ferrocyanide  or  lerricyanMe  of 

'"  Organic  "  and  "  inorganic  "  are  here  nsed  in  a  apedal  meaning,  and  have 
no  reference  to  the  combiDation  to  nbich  iron  ia  attached,  bnt  to  the  method  of 
attachment.  Thna  the  acetate  and  albuminate  of  iron  are  botb  claMifled  among 
tbe  inorganic  iron  compounds,  because  they  are  capable  of  diggocJatlop.  and  the 
iron  is  pr^suutelfill  ^1  (mmyjuijU^jlJfbide.  ' '  MaakimroD ' '  la  a  preierable  term 
for  "organic  iron,"  but  has  not  been  bo  widely  UBed. 
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potaBsium.  In  organic  iron  these  testa  fail,  or  are  only  elicited  after 
prolonged  contact,  as  the  iron  ion  is  less  readily  dissociated.  Exam- 
ples of  inorganic-iron  are  the  ehlOTJ^^es,  acetatea  or  sulphatea,  while 
the  best  fype  of  organic  ion  is  hjemoglobin.  ttougb'nunibers  of  others 
exist  in  the  tissues.  Between  "the  ordinary  salts  of  iron  and  hsemo- 
globin  and  its  allies  there  exists  a  unmber  of  compounds  which  are 
stained  black  by  ammonium  sulphide  after  prolonged  contact,  and 
which  it  is  impossible  to  class  either  as  organic  or  inorganic. 

When  such  a  salt  as  the  perchloride  is  added  to  a  solution  of  pro- 
tein, it  precipitates  it  at  once  in  the  form  of  iron  albuminate.  This 
insoluble  body  is  also  formed  in  the  livingtissues  when  the  perchloride 
is  brought  in  contact  with  them,  and  forms  a  protective  coating  on  the 
surface.  Iron  ias  no  such  relation  to  the  prglfiujs  as  mercury,  and 
dtj^  Tint  mryodn  them  of  itself,  any  destrucuon  which  may  be  caused 
by  such  compounds  as  the  perchloride  being  due  to  the  acid  constituent 
and  not  to  the  metallic  ion.  The  albuminate  is  not  so  flocculent  as 
that  of  mercury,  and  tends  to  protect  the  tissues  from  the  acid,  so  that 
the  corrosion  of  iron  compounds  is  limited  to  the  surface.  The  doubleA 
salts  of  iron,  the  albuminous  compounds,  and  organic  iron  do  not  pre-h 
cipitate  proteins,  and  are  therefore  neither  irritant  nor  astringent  asll 
long  as  they  maintain  their  original  form  and  ore  not  decomposed  intol) 
simple  salts. 

Sjrmptoma. — Inorganic  iron  compounds,  of  which  the  perchloride 
may  be  taken  °°  fl  ^JT"  ^°''°  ^^  agtjaiigenl,  metallle,  or  often  acid 
taste,  hut  in  ordinary  doses  induce  no  further  symptoms.  If  swal- 
lowed in  large  quantities,  they  cause  pain  and  uneasiness  in  the 
stomach,  nausea,  vomiting  and  often  purging,  with  all  the  ordinary 
symptoms  of  acute  gastro-intp-stirftT  in'i*"*''^"  General  weakness  and 
even  collapse  may  be  induced,  but  are  manifestly  secondary  to  the 
gastric^ana  intestinal  effects,  and  no  symptoms  which  can  in  any  way 
be  attributed  to  the  absorption  of  iron  have  been  observed  in  either 
man  or  animals. 

The  prolonged  use  of  inorganic  iron  is  frequently  followed  by  some 
dyspepsia  and  by  itenstipation  and  colic,  which  are  obviously  due  to 
the  eoflliinued  astringent  action  on  the  stomach  and  bowel.  Other 
symptoms  observed  occasionally  are  blackness  ol  the  teeth  andjender- 
nesB  in  the  guma,  which  may  be  due  to  the  acid  contained  in  many 
iron  preparations ;  the  blackening  of  the  teeth  has  been  su{)^ed  to  be  • 
aue  to  ine  tannic  acid  of  the  food  precipitating  the  inky  black  tannatel 
of  iron,  or  to  the  sulphide  of  iron  being  formed  by  the  action  of  the! 
hydrogen  sulphide  present  in  carious  teeth.  According  to  Buzdygan/ 
the  iron  preparations  increase  the  secretion  of  hydrochloric  acid  in 
the  stomach,  and  may  thus  lead  to  hyperacidity,  or  a^ravate  it  if 
already  present.  In  artificial  digestion,  the  salts  of  iron  with  organic 
acids  are  said  to  hinder  the  process  more  than  those  with  inorganic 
acida,  the  ferric  salts  more  than  the  ferrous,  and  the  insoluble  prepa- 
rations least  of  all.  The  digestion  of  stan^  is  almost  unaffected  by 
the  presence  of  iron. 
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Iron  given  by  the  mouth  induce  leucocTtoeifl  (Fohl),  and  does  not 
affect  the  emonnt  of  double  sulphates  excreted  in  the  orine,  ao  that  it 
has  no  antiseptic  ftfitiffr  ^T*  the  bowel  (Momer). 

Some  Bymptoms  from  the  eireulation  are  sometimes  said  to  arise,  bat  are 
for  the  most  part  subjective,  and  seem  to  be  handed  down  hj  tradition  nttber 
than  really  observed.  These  are  a  feeling  of  congestion,  fulness  and  heat  in 
the  head  and  hcBmoirbages  from  the  nose,  throat  and  lungs,  especially  in 
phthisis.  If  these  symptoms  are  not  entirely  ima^ary,  they  are  to  be  attrib- 
uted to  some  reflex  from  the  stomach  and  intestine  and  not  to  any  direct 
action  of  iron  on  the  heart  or  vessels. 

When  these  astringent  preparations  are  injected  into  tbe  blood  vessels  in 
animals,  they  coagulate  the  proteins  and  eanae  thrombosis  but  no  real  symp- 
jtoms  of  iron  poisoning.  Fatal  thrombosis  has  been  observed  in  patients  from 
the  injection  of  the  perchloride  into  the  utems  and  also^into  nevi.  The 
hypodermic  injection  of  these  salts  causes  some  pain  and  swelling,  but  no 
further  symptoms  follow  and  the  iron  is  found  for  the  most  part  deposited 
in  an  insoluble  form  at  the  point  of  injection. 

The  General  Symptoms  of  iron  are  obtained  only  by  the  intravenoos  injec- 
tion of  double  salts,  such  as  the  tartrate  of  iron  and  sodium,  which  do  not 
coagulate  the  blood  and  at  the  same  time  are  capable  of  freeing  the  iron 
ion  in  the  tissues.  Snch  salts  as  the  ferroeyanides  or  ferrioyanides  on  the 
other  hand  leave  the  body  unchanged,  and  the  iron  ion  is  not  liberated,  so  that 
no  iron  symptoms  are  induced.  Meyer  and  Williams  found  that  tbe  double 
tartrate  caused  in  the  frog  slowness  and  clumsiness  in  movement,  which  grad- 
ually developed  into  complete  paralysis  of  the  central  nervous  system.  The 
heart  seemed  to  be  little  affected,  but  the  skeletal  muscles  were  somewhat  less 
irritable  than  usual  after  death.  In  mammals  the  symptoms  of  iron  poison- 
ing were  often  very  late  in  appearing,  and  began  with  some  acceleration  of 
the  breathing,  which  later  became  slow  and  dyspnceic;  vomiting  and  diarrhoea 
often  followed  and  blood  was  sometimes  seen  in  the  evacuations  of  the 
stomach  and  bowel.  Increasing  weakness  was  followed  by  central  paralysis 
and  death,  accompanied  by  weak  convulsive  movements.  The  heart  seemed 
little  affected,  although  the  blood-pressnre  fell  rapidly  towards  the  end.  Post- 
mortem, the  mucous  membranes  of  the  stomach  and  intestine  were  fonnd 
swollen  and  congested,  and  often  contained  numerous  small  blood  extravasa- 
tions. Kobert  found  that  repeated  injection  of  small  quantities  of  the  citrate 
of  iron  induces  congestion  of  the  kidney  and  the  appearance  of  casts  and 
albumin  in  the  urine.  In  acute  poisoning  the  alkalinity  of  the  blood  is  reduced 
owing  to  the  excess  of  lactic  acid  formed. 
.  Iron,  like  the  other  heavy  metals,  would  therefore  seem  to  have  a  specific 
1  irritant  effect  on  the  intestinal  and  gastric  mucous  membrane,  and  to  a  less 
\  extent  on  the  kidney.  In  addition,  it  depresses  and  eventually  paralyzes 
I  the  central  nervous  system,  but  it  is  impossible  to  state  bow  far  this  is  due 
[to  direct  action  and  bow  far  it  is  secondary  to  the  action  in  the  alimentary 

I       According  to  Eobert,  iron  perfused  through  the  vessels  has  no  effect  on 
\  their  calibre  except  in  lai^  doses,  when  it  dilates  them.     The  astringent 

taction  is  due,  thei«fore,  to  the  precipitation  of  the  proteins,  and  not  to  con- 

Istriction  of  the  vessels. 

Apart  from  irritation  of  the  stomach  and  intestine,  no  symptoms  are 
I  induced  by  iron  given  by  the  mouth,  because  it  is  absorbed  too  slowly  and 
I  in  too  small  amount,  and  perhaps  in  a  form  which  has  little  tendency  to 
/  cause  them. 

The  Absorption  of  Iron  has  been  a  subject  of  diBcussion  only  during 
the  latter  htdf  of  the  last  centurj,  for  up  to  that  time  it  had  been 
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BSGumed  that  it  passed  into  the  tiBBUCS  with  comparatiTe  ease,  and  was 
there  formed  to  hsemoglobin.  In  this  way^was  explained  its  effect  in 
antemia,  particularly  in  the  form  linown  aachlacasie,  in  .which  there  is 
a  deficifinrj  "•^  t^mm»pi.^K;T.  'flitiof  [haTi  nf-blood  cella.j  The  benefit 
accruing  from  the  use  of  iron  salts  in  this  disease  baa  been  attested 
by  so  many  generations  of  phjsiciajis  that  only  the  most  sceptical  caa 
have  any  doubt  on  the  subject.  The  first  to  question  this  explanation 
of  the  action  of  iron  in  chlorosis  waa  Kletzinsky,  who  formulated  a 
theory  of  its  action,  which  was  soon  forgotten,  however,  and  only 
became  popularly  known  when  it  was  resuscitated  by  Bunge.  This 
explanation,  which  is  generally  stated  as  Bunge'a  theory,  has  been 
widely  held  during  the  last  few  years,  but  has  now  been  abandoned  by 
almost  all  its  former  supporters,  including  its  author,  who  has  been 
compelled  to  admit  not  only  that  iron  salts  are  absorbed  but  that  their 
administration  leads  to  an  innrpnafttl  fnrn^atinn  nt  biHTnnglnhin. 

No  account  of  the  action  of  iron  would  be  complete,  however,  witbont 
reference  to  an  ezplaDation  which  has  at  least  had  the  effect  of  eBtabliahing 
a  number  of  facts  regarding  the  fate  of  iron  in  the  body,  and  also  the  lesa 
desirable  result  of  increasing  to  a  considerable  extent  th«  number  of  pat- 
ented preparations  containing  iron.  Shortly  stated,  Bunge's  theory  is  that 
in  ordinary  conditions  a  certain  amount  of  iron  is  lost  by  the  body  constantly 
through  the  excretions,  and  this  loss  is  mad?  np  by  the  absorption  of  the  iron 
contained  in  the  food.  This  food-iron  consists  wholly  of  organic  iron,  that 
is,  of  iron  combined  in  such  a  way  that  sulphides  attack  it  with  difficulty; 
an  example  of  such  organic  iron  is  the  hmmatogen  of  the  yolk  of  egg.  In 
normal  individuals  the  food-iron  is  sufGcient  to  replace  that  lost  by  excre- 
tion, but  in  chlorosis  the  presence  of  large  amounts  of  sulphides  in  the  intes- 
tine causes  the  food-irons  to  he  decomposed  to  ferric  sulphide,  which  is 
insoluble  and  unabsorbable.  When  the  ordinary  inorganic  iron  preparations 
are  administered  in  these  cases,  they  are  not  taken  up  in  place  of  the  food- 
iron;  hut,  by  forming  sulphide  in  the  intestine,  they  remove  the  sulphuretted 
hydrogen  and  prevent  the  decomposition  of  the  food-irons,  which  thus  remain 
capable  of  being  absorbed.  Bunge  and  his  followers  went  on  to  state  that 
inorganic  iron  is  never  under  any  circumstances  absorbed  by  the  nonnal 
epithelium,  but  that  when  large  quantities  are  administered,  they  tend  to 
corrode  the  walls  of  the  stomach  and  intestine,  and  are  thus  al^orbed  to  some 
extent.  Even  then,  however,  they  are  incapable  of  being  fonped  to  hnmo- 
globin,  the  animal  body  being  able  to  perform  only  the  last  steps  of  this 
synthesis  after  the  plants  have  formed  the  simpler  types  of  organic  iron. 
This  theory  now  possesses  only  historical  interest,  so  that  it  is  unnecessary  to 
enumerate  the  arguments  brought  against  it.  It  may  he  sufficient  to  state  that 
if  the  ordinary  preparations  of  iron  acted  only  by  binding  the  sulphides  of 
the  intestine,  various  other  metals  would  be  equally  efficient  in  chlorosis; 
iron  would  not  be  bene&eial  injected  hypodennically,  and  iron  sulphide  given 
BO  as  to  escape  the  action  of  the  gastric  juice  would  be  equally  useless.  It 
is  found,  however,  that  no  other  metal  can  replace  iron  in  nhloroais;  that  .  j 
iron  injpcfpd  hvnodprmicitiLv  ia  enrative  in  chlorosis,  and  tnat  tne  snjphide  **^ry***^ 
ajlminiBtereJ  so  as  to  reach  the  mtestme  unchanf^  acta  as  well  as  othejfluMAl* 
preparations  itjtoclaaanl.  Ji'maUv.  it  has  been  shown  that  ordinary  prepa-^r^ 
rations  of  iron  are  absorbed,  "* 

Driven  from  their  former  position  that  inorganic  iron  is  not  absorbed  by 
the  intestine,  the  advocates  of  the  use  of  oi^nio  iron  in  chlorosis  have 
attempted  to  make  a  further  stand  by  asserting  that,  although  the  ordinuy 
preparations  are  absorbed,  they  are  not  used  in  the  formation  of  tuemoglobin. 
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bnt  after  a  more  or  lees  |ftoVonged  Btay  in  the  liver  and  other  ot^ans,  are 
excreted.  This  statement  is  refuted,  however,  by  several  researches,  in  which 
the  addition  of  inorganic  iron  to  food  deficient  in  iron  (milk),  or  entirely 
free  from  it,  prevented  the  anemia  whiet  was  observed  in  animals  fed  on 
the  same  food,  but  without  iron.  Finally  Abderhalden,  the  latest  exponent 
of  Bnnge's  views,  finds  that  inorganic  iron  increases  the  hnmoglobin  of  the 
blood,  but  su^ests  that  it  may  do  so  indirectly  by  taking  the  place  of  the 
food-iron  which  supplies  the  needs  of  the  tissues,  the  food-iron  then  being 
formed  to  hemoglobin;  he  fails  to  supply  any  arguments  in  support  of  this 
theory,  which  it  is  therefore  unnecessary  to  discuss. 

The  chief  difficulties  in  following  the  course  of  iron  in  the  body  are 
Q  its  being  present  in  all  the  tissues  and  secretions  normally,  and 
3  very  small  quantity  which  is  contained  in  ordinary  food,  and 

inu.u^  is  essential  to  the  maintenance  of  health.     About  2^3^  Q. 
(40-55  grs.)  of  iron  are  estimated  to  he  present  in  the  tissues  of  a 
healthy  human  adult,  the  greater  part  of  it  existing  in  the  form  of 
hsemoglobin  in  the  blood.     Formerly  it  was  believed  that  some  50 
mgs.  {1  gr.)  of  iron  were  taken  in  the  food  per  day,  but  Stockman 
and  Greig  have  recently  shown  that  this  estimate  is  much  too  high  and 
that  an  ordinary  dietary  provides  only  about  5-10  mgs,  (iV-i  gr.)  of 
iron  per  day;  they  found  in  one  case  that  even  3-6  mgs.  (Ho-A  gr.) 
were  sufficient  to  preserve  the  iron  equilibrium.     About  the  same 
amount  of  iron  ia  excreted  per  day,  chiefly  in  the  feeoes,  and  to  a 
much  smaller  extent  in  the  urine. 
a       When  additional  iron  is  supplied  to  the  body,  either  as  inorganic  or 
I  as  organic  iron,  much  the  greater  part  of  it  reappears  in  the  stools. 
This  does  not  necessarily  entail  that  all  of  it  has  passed  through  the 
i  bowel  unabsorbed,  for  iron  is  excreted  through  the  intestinal  epithe- 
i  lium,  so  that  some  of  the  iron  of  the  stools  may  have  been  absorbed 
/    and  reexcreted.     Probably  none  of  that  absorbed  is  excreted  by  the 
kidney,  for  even  when  a  double  salt  is  injected  intravenously  only  a 
trace  is  found  in  the  urine,  and  when  it  reaches  the  blood  more  slowly 
the  proportion  eliminated  in  this  way  falls.     About  0.5—1.6  mgs.  of 
\   iron  are  normally  excreted  in  the  urine  in  twenty-four  hours,  and  the 
I  admimetration  per  os  of  iron  preparations,  whether  organic  or  inoi^ 
\  ganic,  does  not  affect  this  amount.     The  fact  that  an  iron  preparation 
T  given  by  the  mouth  does  not  increase  the  iron  in  the  urine  is  therefore 
/no  evidence  that  it  has  not  been  absorbed. 
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(      Iron  injected  into  the  veins  of  animals  is  stored  up  in  the  liver, 
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'spleen  and  bone-marrow,  but  is  taken  up  from  these  organs  again, 
and  is  excreted  by  the  epithelium  of  the  csecum  and  colon.  When  iron 
is  given  by  the  mouth,  therefore,  it  may  either  pass  along  the  canal 
and  be  thrown  out  in  the  ffficea,  or  it  may  be  absorbed,  make  a  stay 
in  the  liver,  be  excreted  in  the  large  intestine,  and  again  appear  in  the 
stools.  The  comparison  of  the  iron  in  the  food  and  in  drugs  with 
that  of  the  stools  therefore  gives  no  clue  as  to  how  much  has  been 
absorbed  and  how  much  has  simply  passed  through  th«  intestine. 

But  the  passage  of  iron  from  the  liver  to  the  intestine  is  a  somewhat 
slow  process,  and  it  is  therefore  possible  to  detect  the  excess  of  iron  in 
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the  liver.  This  has  been  done  repeatedly  by  the  following  method. 
Young  animals  of  the  same  litter  fed  on  milk  have  approximately  the 
same  amount  of  iron  in  the  liver.  If  one  be  fed  on  milk  only,  the 
other  on  milk  to  which  iron  is  added,  the  liver  of  the  latter  is  found 
to  contain  more  iron  than  that  of  the  control.  Other  investigators 
have  fed  animals  (rats  or  mice)  on  food  that  is  practically  free  from 
iron,  have  killed  them  and  estimated  the  iron  in  the  whole  body  apart 
from  the  alimentary  tract  and  compared  it  with  that  of  animals  treated 
in  the  same  way  except  that  iron  was  added  to  the  food.  The  latter 
group  contains  much  more  iron  thac  the  control  group  fed  on  iron- 
free  food,  and  in  general  presents  a  much  more  healthy  and  normal 
appearance. 

Finally,  attempts  hare  been  made  to  follow  the  iron  in  its  course 
through  the  tissues.  This  is  possible  by  the  histological  examination 
of  tissues  soaked  in  ammonium  sulphide  solution,  in  potassic  ferro- 
cyanide  and  hydrochloric  acid,  or  in  hematoxylin,  as  these  form  black 
or  blue  precipitates  with  most  forms  of  iron,  but  leave  the  hsemo- 
globin  unaffected.  When  animals  are  given  iron  preparations,  and 
are  then  killed,  and  their  organs  stained  by  these  reagents,  the  mucous 
membrane  of  the  stomach  and  of  the  greater  part  of  the  small  intes- 
tine gives  no  coloration,  but  the  epithelium  of  the  duodenum  and  the 
upper  part  of  the  jejunum  is  found  to  contain  numerous  granules  of 
iron.  These  granules  may  be  traced  to  the  mesenteric  lymph  glands, 
are  found  in  lar^  numbers  in  the  spleen  around  the  corpuscles,  to  a 
much  smaller  extent  in  the  liver,  and  in  the  cortex  of  the  kidney.  If, 
however,  the  animal  be  kept  for  some  days  after  the  iron  is  given,  the 
reaction  in  the  duodenum,  spleen  and  mesenteric  glands  is  less  intense, 
while  the  liver  gives  much  more  distinct  evidence  of  containing  iron, 
and  the  epithelial  cells  of  the  large  intestine  and  csecum  also  give  a 
strong  reaction.  This  is  interpreted  to  mean  that  iron  is  absorbed  by 
iU,  J.-. J J  ;_  £__x  -i.    'j  ;'    Tl  ' i 1...1  i-i,„  j!_j.  sj. rij 


thp  fjiiftdpniiTn  BTifl  in  firpf  stored  in  the  spleen,  but  later  finds  its  wa; 
througl]  tb^  Tilfwl  TOcmln  in  iho  liyer.  where  it  rests  again  lor  some 
timft,  tq  jip  PTOTitiiHny  twlrpn  up  again  by  the  blood  and  excreted  into 
the  lart^p  JTitPRtinp  ninl  the  cteciim.  There  is  some  question  as  to 
whether  the  lymph  vessels  are  involved  in  the  absorption  of  iron,  and 
the  most  recent  investigators  have  failed  to  find  it  in  the  thoracic  duct, 
and  accordingly  hold  that  it  is  absorbed  from  the  intestine  into  the 
blood  vessels  directly.  The  iron  stored  in  the  liver  does  not  escape 
by  the  bile  as  might  be  anticipated.  A  small  percentage  of  iron  is  a 
constant  constituent  of  this  fluid,  but  is  not  increased  by  iron  given 
by  the  mouth  or  intravenously. 

Nothing  is  known  with  certainty  regarding  the  form  in  which 
iron  is  absorbed.  It  is  assumed  that  in  the  stomach  algiost  all  the  ■ 
preparations  form  chlorides  to  a  greater  or  less  extent,  are  then 
ohaiitjmi  lllLA  Albuminates,  and  in  this  form  pass  into  the  duodenum. 
wHlnre  thtiymay  be  absorbed  in  solution,  or  may  be  precipitated  and 
tBli?tTii|i  n liilii  li^i  It      I  iiiUllinul  ^;c|T?aTid  thn  [piicocyfjy.      I^the 

livPr  iL  BtoBij  liltly  ibal  lIltTabsorbed  iron  is  changed  to  hepatic  fer- 
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ratiD,  ftnd  that  it  is  stored  id  this  form.  Several  other  iron  com- 
pounds have  been  found  in  the  liver,  and  iron  undoubtedly  undergoes 
a  number  of  synthetic  processes  there. 

It  must  not  be  inferred  from  the  foregoing  that  all  of  the  inorganic 
iron  swallowed  is  taken  up  by  the  intestinal  epithelium.  It  is  quite 
impossible  to  form  even  approximate  estimates  of  the  amount  tbst  is 
really  absorbed  and  made  use  of  by  the  tissues,  but  the  probability 
is  that  only  a  small  pereentaf^  is  really  taken  up ;  therest  passing 
thpf.iiy|i  fhp  ir)tf.BtiT».  anA  httinjr  fhri^YfT  '^"t  1°  the  Stools.      It  IS  often 

stated  that  the  iron  stools  are  dark  or  black  in  color,  trom  the  sulphide 
present,  but  this  seems  to  be  seldom  the  case  when  tbey  are  passed^ 
although  they  assume  a  darker  gray  or  grayish  black  color  in  the  air 
from  oxidation.  The  iron  is  contained  in  them  only  to  a  small  extent 
as  the  sulphide,  some  of  the  rest  probably  being  albuminate. 

To  sum  up  what  is  known  regarding  the  fate  of  the  iron  prepara- 
tions, tbey  are  partially  formed  to  the  chloride  and  then  to  ^e  albu- 
minate in  the  stomach,  pass  into  the  duodenum,  from  which  the  great 
bulk  is  carried  on  into  the  lower  parts  of  the  intestine,  while  some  is 
absorbed  by  the  epithelium  and  leucocytes  in  solid  form  and  perhaps 
in  solution.  It  is  then  deposited  in  the  spleen,  where  it  may  undergo 
some  changes  in  form,  is  later  taken  up  by  the  blood  and  deposited  in 
the  liver  and  perhaps  in  the  bone  marrow.  Where  the  supply  of  iron 
has  been  inadequate  for  the  formation  of  haemoglobin,  the  originally 
inorganic  iron  is  probably  worked  into  higher  forms  and  eventually 
into  luemoglobin  in  the  liver,  and  it  seems  likely  that  ferratin  is  one 
of  the  intermediate  steps  in  this  synthesis.  When  there  is  no  defi- 
ciency of  iron  for  the  formation  of  luemoglobiu,  the  liver  slowly 
yields  its  store  of  iron  to  the  blood,  which  carries  it  to  the  cecum 
and  large  intestine,  by  the  epithelium  of  which  it  is  finally  excreted. 
It  is  to  be  noted  that  the  iron  absorbed  does  not  increase  Uie  amount 
of  iron  in  the  urine,  bile  or  other  excretions.  The  investigations 
on  which  this  sketch  is  founded  have  been  completed  only  in  the 
last  few  years,  and  establish  finally  the  truth  of  the  position  held 
by  the  older  physiciana  and  indeed  by  the  clinicians  of  this  later  time 
also,  that  inorganic  iron  follows  the  same  course  in  the  tissues  as 
food-iron. 

But  this  explanation  of  the  iron  action  does  not  cover  all  the  diffi- 
culties of  the  case.  Many  cases  of  chlorosis  recover  without  inorganic 
iron  under  hygienic  conditions,  such  as  rest,  and  particularly  when 
foods  rich  in  iron  are  prescribed,  this  being  exactly  what  is  to  be 
expected  on  the  theory  that  inorganic  iron  merely  takes  the  place  of 
the  deficient  food-iron.  But  many  chlorotic  patients  show  little  or 
no  improvement  when  treated  with  foods  containing  iron,  even  when 
there  is  no  question  that  the  iron  supplied  daily  in  food  form  is  suffi- 
cient for  the  needs  of  the  economy,  and  chlorosis  even  appears  in 
individuals  who  have  never  suffered  from  any  deficiency  of  food-iron. 
Yet  many  of  these  cases  recover  rapidly  under  inoi^anic  iron.  V. 
Noorden  has  attempted  to  explain  this  by  supposing  that  inoi^anio 
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irorfFwEenaciorMd  acta  as  a  BtSulant  to  the  blood-forming  organs, 
while  food-iron  has  no  such  property.     And  some  indications  of 
abnormal  activity  of  the  bone-marrow  cells  have  been  observed  in 
animals  supplied  with  inorganic  iron ;  this  may  not  be  the  effect  of 
stimulation  in  the  ordinary  sense  of  the  word,  however,  for  it  may  be 
explained  by  the  unusual  abundance  of  the  materials  necessary  to 
their  activity.     The  difference  in  the  effects  of  the  irons  of  the  food 
and  of  the  inorganic  preparations  may  be  due  to  the  fact  that  food-iron  I 
is  always  accompanied  by  a  large  amount  of  colloid  material,  which  / 
may  materially  delay  its  absorption  while  inorganic  iron  on  the  other  | 
hand  is  much  less  completely  enveloped,  and  may  be  more  easily  | 
absorbed.     In  addition,  the  iron  preparations  are  given  in  much  larger 
amounts  than  the  food-irons.     When  10  mgs.  (food-iron)  are  taken 
per  day,  only  a  small  proportion  (e.  g,,  5  mgs.)  may  be  absorbed,  and 
this  may  be  insufficient  to  supply  the  needs  of  the  body,  but  if  some 
hundreds  of  milligrams  of  inorganic  iron  be  added,  the  proportion 
absorbed  will  be  amply  sufficient.     The  same  effect  might  be  obtained 
by  the  same  amount  of  food-iron,  but  this  is  only  to  be  obtained  by 
giving  more  food  than  can  be  digested. 

Iron  ia  not  absorbed  from  the  unbroken  skin  and  the  iron  and  steel  i 
baths  are  therefore  of  no  value  in  themselves  in  the  treatment  of  j 
auEemia. 

Tberapnitlc  Uses. — Iron  is  most  frequently  used  in  the  treatment  of 
OUabuj^  which  in  a  large  proportion  of  cases  recovers  entirely  under 
it.  Some  cases,  however,  improve  somewhat  under  iron,  but  relapse 
when  it  is  left  off,  and  a  certain  number  of  patients  show  no  improve- 
ment whatever  under  it.  These  last  are  not  generally  regarded  as 
suffering  from  chlorosis  proper,  but  from  a  more  malignant  form  of 
anemia.  A  number  of  symptoms  which  are  due  to  chlorosis,  and 
which  are  often  more  prominent  than  the  original  disease,  are  also 
relieved  or  entirely  removed  by  iron.  Thus  gastric  catarrh,  amenor- 
rhcea,  or  oedema  may  disappear  under  it,  but  in  these  cases  the  symp- 
toms are  ehlorotic  in  origin,  and  the  improvement  is  due  to  the 
increased  haemoglobin,  and  not  to  the  direct  action  of  iron  on  the 
stomach,  uterus  or  circulation.  In  chlorosis  the  iron  is  generally 
givenjn  small  doses,  at  any  rate  at  first,  and  tliolj-aa  netrinpfnt.  prepa- 
rations  are  preferrea  by  most  clinicians,  althou^  some  still  advise  the 
perchloride.  When  chlorosis  is  complicated  with  gastric  catarrh,  some 
authorities  advise  that  the  latter  be  treated  before  the  general  condi- 
tion, as  iron  in  itself  is  liable  to  irritate  the  stomach.  In  many  cases, 
however,  the  catarrh  is  secondary  to  the  chlorosis,  and  can  only  be 
treated  successfully  by  improving  the  condition  of  the  blood;  the  iron 
preparation  here  ought  to  be  mild  and  not  irritating.  In  chlorosis 
the  tendency  to  constipation  may  be  increased  by  iron,  and  a  purge  is 
often  required,  such  as  the  iron  and  aloes  pill,  which  is  particularly 
recommended  when  chlorosis  is  attended  by  amenorrhcea. 

Iron  is  of  less  value  in  other  forms  of  aniemia,  although  it  is  often 


..L.OO' 


.glc 


668  TEB  MBAVY  METALS. 

prescribed  and  may  be  followed  by  some  improvement.  Thus  it  may 
be  administered  daring  convalescence  from  acute  disease,  Buch  as 
typhoid  fever,  or  nepbritis,  and  in  the  aneeniia  induced  by  profuse 
luemorrbage  iron  often  seems  to  accelerate  the  recuperation  of  the 
blood.  It  is  often  prescribed  for  the  cachexia  of  malaria,  syphilis 
and  other  chronic  diseases. 

Iron  is  said  to  be  eontraindicated  vrhere  there  is  fever,  in  plethoric 
individuals  with  a  tendency  to  haemorrhages,  and  in  some  forms  of 
heart  disease.  In  these  conditions  the  iron  preparations  can  barm 
only  from  a  reflex  induced  from  the  stomach,  as  the  small  quantity  of 
iron  absorbed  is  incapable  of  producing  any  effects  in  the  tissues.  In 
phthisis  it  is  very  generally  credited  with  causing  hsemorrhage  from 
the  lungs,  but  it  may  be  questioned  how  far  this  apprehension  is  based 
on  observation,  and  how  far  it  is  a  relic  of  old  and  forgotten  theories 
of  the  action  of  iron.  It  has  to  be  given  with  caution  here  in  order 
to  avoid  irritation  of  the  stomach  and  dyspepsia,  and  in  the  presence 
of  gastric  catarrh  from  any  cause,  its  effects  have  to  be  watched 
carefully. 

Some  of  the  older  authorities  advise  iron  to  be  given  in  large  quan- 
tities, but  the  dose  has  been  reduced  of  late  years  to  about  0.1-0.2 
G.  (2-3  grs.)  three  times  a  day.  It  is  given  after  meals  in  order  to 
avoid  the  irritant  action  on  the  stomach  as  far  as  possible.  It  is  to  be 
noted  that  on  giving  0.1  G.  of  iron  three  times  a  day,  about  thirty 
times  as  much  iron  is  given  as  is  required  normally  in  food,  so  that 
the  chlorotic  receives  more  iron  per  day  than  a  workman  in  a  month. 

Iron  is  occasionally  injected  *'TpniifiT"'"°"Ti  with  the  object  of 
avoiding  the  irrifntifin  nf  thg  i^^ftpnu-Ti^  but  this  procedure  is  painfal 
And  causes  some  swelling  and  irritation,  which  lasts  twenty-four  hours 
or  more.  Most  of  the  salts  are  precipitated  at  the  point  of  injection, 
but  some,  such  as  the  citrate,  are  taken  up  by  the  blood  at  once;  the 
danger  of  renal  irritation,  anticipated  by  Robert,  does  not  seem  to 
arise  if  small  quantities  are  used;  1-2  grs.  are  injected  in  S  per  cent, 
solution  daily. 

Iron  has  been  recommended  in  erysipelas,  but  has  proved  valueless 
in  the  bands  of  most  investigators.  Some  of  the  iron  salts  are  employed 
as  Astrlngenf.  the  most  popular  preparations  for  this  purpose  being 
ferrous  sulphate,  which  has  been  used  to  some  extent  in  diarrhoea, 
and  also  externally.  The  perchloride  is  perhaps  the  best  Styptic  of 
its  class.  When  applied  to  a  bleeding  point,  it  precipitates  the  pro- 
teins  of  the  blood  plasma,  and  thus  forms  an  obstruction  to  the  flow 
of  blood  similar  to  that  caused  by  clotting,  although  no  fibrin,  but 
only  a  mass  of  iron  albuminate,  is  formed  by  the  perchloride.  This 
styptic  action  is  of  value  in  capillary  and  recurrent  bsemorrhage,  while 
in  bleeding  from  an  artery,  the  ordinary  surgical  methods  are  of 
course  preferred.  The  chloride  arrests  biranorrbage  only  when  it  can 
be  brought  into  actual  contact  with  the  bleeding  point,  and  where  this 
is  covered  by  a  large  mass  of  semicoagulated  blood,  the  treatment  is 
of  no  avail,  as  it  simply  forms  the  albuminate  with  the  blood  with 
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which  it  comeE  into  contact  first,  and  this  may  be  far  from  the  actual 
point  of  rupture.  Ab  an  application  to  the  stomach  and  bowel  ini 
htemorrhage  from  these  parts,  the  perchlorido  is  unlikely  to  prove! 
successful,  while  in  bleeding  from  the  no3e,j>r  gumB,  or  after  the  I 
extraction  of  a  tooth,  it  is  more  reliable.  It  has  been  injected  into  • 
the  uterus  in  luemorrbage,  into  nsevus  in  order  to  cause  coagulation 
and  subsequent  cicatrization  of  the  tissue,  and  into  aneurysms.  This 
is  a  very  dangerous  treatment,  however,  for  several  cases  of  fatal 
embolism  have  arisen  from  the  precipitated  albuminate  being  carried 
off  in  the  veins.  Perchloride  of  iron  solution  has  been  sprayed  into 
the  air  passages  in  hsemoptyeie,  but  if  sufficiently  concentrated  to 
coagulate  the  blood  at  the  bleeding  point  in  the  lungs,  it  would  cer- 
tainly induce  irritation  and  coughing.  The  perchloride  is,  of  course, 
valueless  in  hemorrhage  from  internal  organs,  for  in  the  first  place, 
very  little  of  it  is  absorbed,  and  in  the  second  place,  what  does  pass 
into  the  tissues  is  already  in  protein  combination,  and  therefore  inca- 
pable of  coagulating  the  blood.  The  same  objection  applies  to  the 
alleged  astringent  effect  of  iron  in  nephritis.  It  is  possible  that  iron 
may  lessen  the  albumin  in  the  urine  in  these  cases,  although  the  clin- 
ical evidence  is  contradictory  on  the  subject,  but  it  is  absolutely 
certain  that  it  does  not  do  so  by  any  local  action  on  the  albumin  in 
the  kidney. 

'^he  sulphate  of  iron  is  used  as  a  disinfectant  f^tr  ^ewagft.  It  ft^fa 
here  merely  py  precipitating  the  proteins,  which  carry  down  the  bae- 
tei'ia  dUUihlllllUUlly.  I'he  proteins  of  the  sewage  may  be  increased  by 
the  additloii  Of  M6bd  before  the  sulphate  is  applied.  The  sulphate  of 
iron  is  used,  because  it  is  cheaper  than  the  other  salts  of  the  heavy 
metals. 

Feepabations. 

Ferri  Chloridum  {U.  S.  P.),  ferric  chloride  CFe,Cl.  +  12H,0),  orange 
yellow  crystals,  with  a  strong  aatringent  taste,  very  deliquescent  in  air,  soluble 
in  water  and  alcohol.     0.065  G.  (1  gr.). 

^aor  Ferri  ChloTi4i  (U.  S.  P.),  a  Bolation  of  ferric  chloride  containing 
29  per  cent,  of  the  ankydrouB  salt  or  about  10  per  cent,  of  iron. 

TifjmTTa*  Tehhh  CuLoami  (U.  S.  P.)  ooDtains  13.28  per  cent  of  ferric     UMuiMAa 
chloride.    0.5C.C.  (8mins.).  0>cf_ 

lAquor  Ferri  Perchloridi  Fortis  (B.  P.)  is  formed  by  dissolving  iron  in 
hydrochloric  acid  and  contains  22}  per  cent,  of  iron.  It  is  an  orange-brown 
fluid,  with  a  strong  astringent  taste. 

Liquor  Ferri  Perchloridi  (B.  P.)  and 

TmirrnaA  Ferri  PeacHLORmi  [B.  P.)  are  formed  by  diluting  the  strong 
Uquor  with  three  times  as  much  water,  and  with  two  parts  of  water  and  one  of 
alcohol  respectively,    5-15  mins. 

The  chloride  is  used  as  a  stjrptic  either  as  the  Liquor  Fortis  (6.  P.)  or  in  a 
very  much  stronger  form,  prepared  by  allowing  the  crystals  to  deliquesce. 
A  plug  of  cotton-wool  steeped  in  the  solution  is  used  to  stop  bleeding  after 
the  extraction  of  teeth,  and  the  liquor  has  been  injected  into  tbe  uterus  in 
h»morrhage  and  into  aneurisms  and  nfflvi.  When  diluted  it  may  be  used 
as  a  gargle,  but  has  a  disagreeable,  inky  taste,  and  ajtacka  the  tnet^.  The 
tincture  is  very  commonly  used  in  the  treatment  of  chlorosis,  it  ought  to  be 
taken  in  a  glass  of  water,  and  through  a  qnill  or  glass  tube,  in  order  to  avoid 
injury  to  the  t«flth. 
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Febhi  Sulphab  ("Q.  8.  P.,  B.  P.),  ferroiB  aulphate  (FeSO.  +  7H,0),  larg^ 
pale,  bluisb-green  eiTStals  with  a  saline,  astringent  taste,  soluble  Id  water, 
insoluble  in  alcohol  and  unstable  io  moist  air.     0.05-0.3  O.  (1-5  grs.). 

Ferri  Sulphas  GranuiatuB  (U.  S.  P.),  reciystallized  farroiui  sulphate  in 
very  small  crystals.    0.2  G.  (3  grs.). 

Fern  Sulphas  Exsiccattu  (U.  S.  P.,  B.  P.),  dried  ferrous  sulphate  (2FeSO. 

-{-3H,0),  ordinary  sulphate  from  which  most  of  the  water  of  crystallizatioD 

has  been  driven  off  by  heat.     A  grayish-white  powder  resembling  the  ordinary 

,  sulphate  in  its  solubility.    0.03-0.2  0.  (i-3  grs.). 

II  ^ioyor  SSSIL  Si^tgjji^l^ttis  (U.  S.  P.),  Monsel's  Bolntion,  an  aqneooa  soln- 

O^tUu^A,;!^  MM  tiod  or  basic  ferric  sulpnate  of  variable  chemical  composition  and  containing 

qT^  (about  13.6  per  cent,  of  metallic  iron.    0.2  c.c.'(3  mios.].    Used  as  an  astringent 

gargle  and  in  general  like  the  chloride. 

ferri  et  AmmonH  Sidphaa  (U.  S.  P.),  ammonio-ferrie  sulphate  or  ammonio- 
ferric  alum  (Fe,(NH.).{S0.).  +  24H,0),  is  a  double  salt  forming  pale  violet 
crystals  with  an  acid  astringent  taste — soluble  in  water,  not  in  alcohol,  0-5 
a.  (71  grs.}. 

The  sulphate  of  iron  is  very  astringent,  though  less  so  than  the  ferric  salts. 
It  is  nsed  as  an  astringent  application  to  mucons  membranes,  such  as  the  eye, 
mouth,  urethra,  more  rarely  internally  in  anemia,  although  it  is  lees  irritant 
than  the  chloride. 

The  Pg.  AJf'\^  J^',rri  p.  S.  p.,  B.  p.),  which  is  used  very  largely  in 
amenoglu^  and  in  chlorosis  with  cnnsti nation,  contains  dried  sulp^te  of 
ffBTDose,  B.  P.,  tT'^iy. 

Feitatm  Rbdoctpm  (U.  S.  P.),  Ferrum  Redactuk  (B.  P.),  reduced  iron, 

a  very  Hue,  grajiab^lack,  lustreless  powder,  without  tjiste.  insolable  in  water 

.     or  alcohol,  aolubte  m  acid.    it  constsb  of  metallic  ironj  with  a  smaTl  amount 


^ rir05-0.3  G.  (1-5  grSJ 

Trochiscua  Ferri  Bedacti  (B.  P.),  each  contains  1  gr.  of  reduced  iron. 

FEgpi  CARBoma  S^qsB^htub  (U.  S.  P.,  B.  P.),  saeeharated  ferrous  car- 

bonate)  is  formed  by  precipitating  ferrous  sulphate  with  sodium  bicarbonate 

1     u  (ammonium  carbonate,  B.  P.),  washing  the  precipitate  and  adding  sugar.     It 

I  TTf  (.        contains  ferrous  carbonate  along  with  some  ferrous  sulphate  and  sodium  bicar- 

j<iyit  iii      bonate  (U.  8.  P.),  and  is  a  greenisb-hrown  powder,  which  rapidly  oxidizes 

in  the  air,  and  has  a  sweetish,  astringent  taste.     The  carbonate  is  a  very 

unstable   body   and    on   keeping   is    slowly   transformed   to   ferric   hydrate 

(Fe,(OH),).     The  sugar  is  added  in  order  to  retard  this  oxidation,  but  the 

carbonate  ought  not  to  be  dispensed  unless  it  is  of  recent  preparation.    0-2-1 

~    (3-15  gra.). 

"  ""        Lfi^RBONATlS  (U  .,  ,  ,  „ 

are  prepared  in  the  same  waj^  hy  the  action 


Pilule  ^erbi  Qarbomati8  (TJ,  S.  P.),  Pilui^  Feski  (B.  P.)  fermginooa 

J    (  , .    or  en aly beate  'puis,  »|i*TP''^T"'^'^  "re  prepared  in  the  same  wajj^  hy  the  action 

y.uW*.  MUpl .  of  ferrous  sulphate  and  carbonate  of  potash  or  soda     SugSTr-tragacantb  and 

.,  I  '  l'.^1  glycerin  are  added;  they  ought  in  Iw  ffwt'iy  pi-anared  m  order  to "gn^d  the 

l.*b'a-l-™f<TfgaTron  of  the  hydrate.     Eac¥"pill  ?U.  ti.  P.)  coniffins  about  0.06  G.  (izr.'i 


»«y*V^ 


of  iron,  that  is,  a  grs.  contain  about  1  gr.  2  pills  U.  S.  P.,  5-15  grs.  B.  P. 
WiM.sa  .^Vrri  .^frlumatta  (U.  S.  P.),  Vallgta'  Mass,  ia  formed  by  the  action 
of  ferrous  sulphate  and  sodium  carboriS!ei  SS^r  andjjfliifiy  are  added  to 
the  precipitate  to  form  a  mass  of  the  proper  consistency  for  pills.  This 
preparation  has  never  enjoyed  the  popularity  of  Blaud'a  pills  and  ia  guper- 
fluous.    0.25  G.  (4  grs.). 

^B^TtjgA  Febbi  COMPoaiTA  (TJ.  S.  P.,  B.  P.),  Griffith's  mixtnrff.  is  formed 
by  mixing  ferrous  suIph'ateT  potassium  carbonate,  myrrh,  sugar,  spirits  of 
lavender  (nutmeg,  B.  P.)  and  rose  water.  The  ferrous  carbgpate  (FeCO,)  is. 
precipitated  and  the  mixture  has  thfirefore  to  he  shaKt  ~" 


15" -'b©tt^W?K  to  be  freshly  prepared.     15-30  c.c.  (i-1  fl.  oz.), 

R^iiMw^  iron  and  lliri  fnnr  f*"""*-;  preparations  are  u"^ j-yl'itivlp- j' 
[  the  treatment  of  ansmia.     They  are  practically  devoid  of  irritant  pfOpertLet 
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and  are  among  the  best  of  all  the  iron  preparations  for  this  purpose.  The 
Blaud's  Pills  have  in  particular  a  well  merited  reputation  in  the  treatment 
of  chloroBis  and  of  chlorotio  amenorrhcea.  Another  preparation  used  for  this 
purpose  but  not  official  is  Ferritin  Dialysatum  in  which  a  considerable  amount 
of  iron  oxide  is  kept  in  a  semi-coUoid  state  dissolved  in  a  minimum  amount  of 
the  chloride.     It  tastes  of  iron  but  is  not  astringent, 

Ferri  Hydroxidum  (U.  S.  P.),  ferric  hydrate,  or  hydroxide  (Fe(OH),),  \    Qj^i^xifitri 
and  Fp.rri  TTudroxidum  evm  Maffnesii  Oxtdg.  (U.  S.  P.)  are  used  almost  ex-  I        (j^ 
clusively  m  the  treatment  of  arsenic  poisoning,  120  c.c,    (4  fl.  oz.).     The  (   (XoW 
remedy  is  harmless  in  itself,  but  its  efficacy  is  very  doubtful.  '    ' 

Ferri  Citraa  (U.  S.  P.),  transparent,  garnet-red  scales  with  a  slight  iron 
taste.    0.25  Q.  (4  grs.). 

Ferri  Phosphaa  SolubHia  (U.  S.  P.),  Ferri  Pyrophosphm  Solubilta  (U.  S. 
P.).  These  insoluble  salts  are  rendered  soluble  by  the  presence  of  sodium 
citrate — thin,  green  scales  with  a  saline  taste,    0.25  0.  (4  grs.). 

Ferri  Eypophosphis  (U.  S.  P.)  (re{PH,0,},),  a  white  powder,  odorless 
and  nearly  tasteless,  almost  insoluble  in  water,  but  dissolved  by  solutions  of 
the  alkali  citrates.    0.2  G.  (3  grs.),  in  pill. 

Paulie  Ferri  lodidi  (U.  S.  P.),  each  contains  0.04  Q.  of  iron.     2  pills. 

Syrupus  Ferri  lodidi  (U.  S.  P.,  B.  P.)  contains  about  5  per  cent,  of  the 
iodide  U.  S.  P.,  10  per  cent.  B.  P.    2-4  c.c.  (J-1  fl.  dr.). 

These  preparations  have  all  been  prescribed  to  a  greater  or  less  extent  in 
the  treatment  of  anramia.  The  iodide  has  been  advised  in  order  to  combine 
the  effects  of  iodide  and  iron,  but  the  iodide  given  in  this  form  is  in  mncb 
smaller  quantity  than  that  found  necessary  in  the  iodide  of  potassium  treat- 
ment, and  it  seems  open  to  queetion  whether  the  improvement  is  not  due  to 
the  iron  only.     The  hypophosphite  is  superfluous. 

Ferri  et  Quininie  Citraa  (U.  S.  P.,  B.  P.),  thin  scales  of  a  reddish-brown 
color,  and  of  a  bitter,  iron  taste,  slowly  soluble  in  water,  partially  soluble  in 
alcohol,  containing  11.3  per  cent,  of  quinine  and  13.5  per  cent,  of  iron  U.  S.  P. 
0.2-0.6  G.  (5-10  grs.). 

Ferri  et  Quinince  Citraa  SoluhUia  (U.  S.  P.),  thin  scales  of  a  greenish  color 
and  of  a  bitter,  iron  taste,  easily  soluble  in  water,  only  partially  in  alcohol. 
It  contains  the  same  amount  of  iron  and  quinine  as  the  ordinary  preparation, 
0.25  G.  (4  grs.), 

Ferri  et  Slrychnirue  Citraa  (U,  S,  P.),  thin,  transparent  scales  of  garnet- 
red  or  yellowish-brown  color,  readily  soluble  in  water,  containing  about  1  per 
cent,  of  strychnine  and  about  16  per  cent,  of  iron.    0.12  G.  (2  grs.). 

SyrupuB  Ferri,  Quinine  et  Stryehtiina  Phoaphatum  (U.  S.  P.),  Syrupvt 
Ferri  Phosphatia  cum  Quinina  et  Strychnina  (B.  P.).     2-4  c.c.  (i-1  fl.  dr.). 

Glyceritvm  Ferri,  Quinitue  et  Strychnirue  Phospkatum  (U.  8.  P.),  1  c.e. 
(15  mins.).  * 

EUxir  Ferri,  Quimna  et  Strychnina  Phosphatum  (U.  S.  P.).  4  c.c.  (1 
fl.  dr.). 

Ferri  et  Ammonii  Citraa  (U.  S.  P.,  B.  P.),  thin  gamet-red  scales  with  an 
acid,  iron  taste,  soluble  in  water  and  containing  16  per  cent.  iron.  0.2-0.6 
Q.  (3-10  grs.). 

Ferri  et  Ammonii  Tartras  (U.  S.  P.),  thin,  transparent,  gamet-red  scales, 
very  soluble  in  water  and  containing  about  13  per  cent,  of  iron.  0.25  Q. 
(4  grs.). 

Ferri  et  Potaaaii  Tartraa  (U.  8.  P.),  Ferrwm  Tartaratmn  (B.  P.)  resembles 
tie  last  preparation,  but  contains  about  15  per  cent,  of  iron.    0.25  G.  (4  grs.). 

lAquoT  Ferri  et  AmTOtmii  Aeetatia  (U.  8,  P.),  Basbam's  mixture,  contains 
only  a  very  small  proportion  of  iron,  along  with  acetic  acid,  ammonium  ace- 
.ate,  aromatic  elixir  and  glycerin.    16  c.c.  (4  fl.  drs.). 

Vinton  Ferri  (B.  P.).     1-4  fl.  drs. 

Vinum  Ffyi  AmnnimJll.  8.  P.).     8  C.C.   (2  fl.  drS.).  -g^^j. 
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rinum  Fern  CUratia  (B.  P.),  Vinum  Ferri  (U.  S.  P.).    4^-15  ce.  (1-4 

ftdM.). 

The  two  wines  of  iron  of  tbe  IT.  S.  P.  are  prKcticall;  identical  except  that 
tbe  first  contains  the  citrat«  of  iron  and  quinine,  the  second  the  citrate  of  iron 
and  ammoninm.  Each  is  made  up  with  tinctore  of  sweet  orange  peel,  sji-ap 
and  white  wine.  The  iron  wine  of  the  B.  P.  is  formed  hy  dissolving  iron  in 
sherry  wine,  the  citrate  of  iron  wine  bj  dissolving  the  citrate  in  orange  wine. 

The  double  salts  of  iron  (scale  preparations)  and  the  wines  are  used  to 
some  extent  in  chlorosis,  but  more  frequently  in  convalescence  from  aente 
fevers,  which  ia  oft«n  attended  by  anemia;  in  these  cases  the  iron  wines  are 
often  of  considerable  value.  The  double  salts  are  not  so  liable  to  disturb  the 
digestion  as  the  other  soluble  preparations  of  iron,  but  are  not  superior  to  the 
carbonate  preparations  and  the  reduced  iron  in  this  respect. 

Iron  is  contained  in  many  mineral  waters,  which  are  therefore  advised  in 
cases  of  antemia.  It  is  generally  in  the  form  of  the  carbonate,  which  is  difl- 
solved  by  the  excess  of  earbonic  acid  present,  but  becomes  oxidized  to  the 
insoluble  ferric  hydrate  in  the  air.  The  amount  of  iron  contained  b  small, 
seldom  being  more  than  0.1  O.  per  litre,  but  the  treatment  of  ehlorosia  is 
unquestionably  aided  by  change  of  scene  and  in  particular  by  the  high  eleva- 
tions  at  which  many  of  these  springs  are  situated,  so  that  the  success  of  treat- 
ment with  these  iron  waters  is  perfectly  intelligible.  Bathing  in  iron  water 
has  no  farther  action  on  tbe  blood  than  ordinary  baths,  as  no  iron  is  absorbed. 

Many  Protein  Oomponnds  of  iron,  such  as  the  olbummote  and  peptonate, 
have  been  introduced  into  therapeutics,  but  possess  no  advantage  over  the 
usual  preparations,  which  they  resemble  in  their  reactions  to  sulphide  and 
other  tests.     Schmiedeberg  found  in  the  liver  an  iron  compound,  fertatun, 

(which  would  seem  to  stand  midway  between  the  ordinary  dissociable  salts  and 
tuemoglobin,  for  it  reacts  to  ammonium  sulphide  more  tardily  than  the  former, 
while  the  latter  is  not  affected  by  this  reagent.  Artificial  ferratin,  formed  from 
white  of  e^,  is  not  identical  with  this  hepatic  ferratin  and  ia  decomposed  in 
part  in  the  stomach  into  ordinary  salts.  It  is  not  found  to  be  superior  clinie- 
■lally  to  the  other  milder  preparations  of  iron.  Dose,  0.5-1.5  G.  (S-20  grs.) 
Uper  day,  in  powder  or  pill  or  in  solution  as  a  sodium  compound. 

Blood  has  been  used  in  therapeutics  by  uncivilized  peoples  since  time 
unknown,  and  has  also  been  recommended  in  modem  medicine  in  the  treat- 
ment of  chlorosis,  in  which  it  ia  administered  by  the  month,  and  also  hypo- 
dermically,  though  the  latter  method  is  difilcult  to  carry  out  aseptii^y. 
HtBmoglobin  has  also  been  advertised  largely  of  late  years  in  a  more  or  lees 
impure  form.  In  the  stomach,  hsmoglobin,  whether  contained  in  blood  or  as 
crystals,  is  changed  to  hffimatin;  Abderhalden  found  that  both  bnmoglobin 
and  htematin  are  absorbed  and  lead  to  an  increase  in  the  luemoglobin  of  the 

On  the  whole,  these  new  iron  preparations  have  little  to  recommend  them 
as  superior  to  the  older  ones  and  are  therefore  superfluous. 

ElBLIOQBAPHT. 

Heyer  «.  WiXliami.    Arch,  f .  exp.  Path.  u.  Pbarm.,  xiii.,  p.  70. 

Kobert.    Ibid.,  xvi.,  p.  361. 

Eambwger.    Zta  f.  phya.  Chem.,  ii.,  p.  191;  iv.,  p.  248. 

Bwige.     Ibid.,  ix.,  p.  49;  xiii.,  p.  399;  ivi.,  p.  173;  xviL,  p.  63. 

Bautermann.     Ibid.,  xziii.,  p.  555. 

Marfon.     Arch.  t.  exp.  Path.  n.  Phann.,  xxix.,  p.  212. 

Sehmiedeberg.     Ibid.,  xxiiii.,  p.  101. 

Gottlieb.    Ibid.,  xxvi.,  p.  139.    Zts.  f.  phys.  Cbem.,  xv.,  p.  371. 

JakobJ.     Areh.  f.  exp.  Path.  u.  Pharm.,  xxviiL,  p.  256. 

Soein.     Zts.  f.  phys.  Chem.,  iv.,  p.  93. 

UoUteh.     Sitztmgaber.  Wien.  Akad.,  eill.,  1894,  Abt.  L,  p.  554. 

Eunkel.    Pfliiger's  Arch.,  1.,  p.  1;  lii.,  p.  595. 


..L.oog[e 


tff^D.  673 

SJodftmann.  Brit.  Ued.  Jonni.,  18&3,  ).,  p.  881.  Jonm.  of  Pli7H.,xTiii.,p.484; 
xiL,  p.  35  (with  Qreig). 

MaeaUum.     Jonrn.  of  Pbya.,  xvi.,  p.  268;  xxU.,  p.  92. 

Woltenng.     Ztsehi.  f.  phjs.  Cbein.,  xxi.,  p.  186. 

Baa.     Areli.  f.  Anal.  n.  Phya.,  18M,  p.  *S5;  1896,  p.  49. 

PoW,     Areh.  f.  eip,  Piith.  n.  Pharm.,  nv.,  p.  65. 

Boohhwu  u.  Qnincke.    Arch.  f.  exp.  PHth.  u.  Pharm.,  zzxrii.,  p.  159. 

Damaikin.,  Kumberg,  SimcA,  5(end«-,  Amelm,  Samojloff.  Art.  a,  d.  pharm. 
Inatit.  tu  Dorpat,  vii.,  riii.,  ii. 

Cloetta.  Areh.  f.  eip.  Path,  o.  Pharm,,  tixtu.,  p.  69;  xxxriii.,  p.  161;  iliv., 
p.  363. 

Hofmami.     Virehow's  Arch.,  cti.,  p.  488;  dx.,  p.  235. 

Filippi.     Ziegler'8  Beitr&ge  rur  path,  Anat.,  xvi,  p.  462. 

Momer.     Zts.  f.  phTs.  Chem.,  xnii,  p.  13. 

Btadygaa.     Wien.  klin,  Woeh.,  1897,  p.  713. 

Voit.    Zts.  f.  Biol.,  N.  P.,  xL,  p.  387  (1893). 

Bawnann.     Jonrn,  of  Phys.,  ixix.,  p.  18. 

Tartakowtkifi    Pfloger's  Arch.,  ci.,  p.  423. 

V.  Noorden.    Berl.  klin.  Woch.,  1895,  p.  181. 

Sari.    Areh.  t.  Verdauangakraak.,  iv.,  p.  160. 

Abderhaldm.    Ztschr.  1.  Bfologie,  xxxiz.,  pp.  113,  193,  487. 

MvUer.    Tlrchow  'a  Areh.,  elxiv.,  p.  436. 

IT.    L£AI). 

Lead  is  used  to  some  extent  in  therapeutics,  but  its  chief  interest 
from  a  medical  point  of  view  lies  in  the  frequency  with  which  it  gives 
rise  to  chronic  poisoning,  and  in  the  diversity  of  the  symptoms  pre- 
sented in  that  condition. 

Solutions  of  lead  salts  pigcipitate  albumin,  and  the  precipitate  is 
more  dense  and  heavy  than  tEat  ol  mercury,  and  lesa  aoluble  in  exoesa 
^  of  tne  salt.  I'his  precipitate  is  tormed  when  lead  solutiona  are  applied 
to  tne  mucous  membranes,  and  protects  them  from  the  penetration  of 
the  metal,  so  that  lead  is  one  of  thejeast  corrosive,  and  one  of  the  most 
astringent  of  the  hpavT  metftls.  'J^his  absence  of  corrosion  is  only  ini 
part  due  to  tte  character  of  the  precipitate,  for  lead  forms  insolubld 
and  therefore  non-irritant  salts  with  two  of  the  most  corrosive  acidsj[ 
hydrochloric  and  sulphuric  acids.  The  soluble  nitrate  of  lead  is 
comparatively  irritating  because  it  is  readily  dissociated  and  also  be- 
cause the  nitric  acid  formed  by  its  contact  with  protein  is  itself  corro- 
sive. The  only  soluble  salts  which  are  largely  used  are  the  acetatesJ 
and  these  are  slowly  dissociated  and  the  acid  is  only  slightly  active,! 
so  that  the  astringent  metallic  ion  alone  comes  into  play.  ' 

Symptoms. — In  ordinary  therapeutic  doses,  the  acetate  of  lead 
(sugar  of  lead^  has  a  s^eeliah,  metallic  taste  followed  by  a  feeling  of 
aatrmgencY.  and  induces  no  symptoms  except  consti^jtioD—  The 
stools  afterTead  are  oft«n  said  to  be  dark  in  color  from  the  sulphide 
formed  in  the  intestine,  but  this  does  not  seem  to  be  the  general  rule. 
Probably  little  lead  ia  absorbed  from  an  ordinary  dose  of  the  acetate; 
at  any  rate  no  symptoms  arise  from  the  general  action  of  the  metal 
absorbed. 

Lead  acetate  solutions  applied  to  the  skin  have  no  effect,  but  mucous 
membranes,  or  exposed  tissues,  such  as  ulcers,  are  covered  with  a  thin 
48 
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pellicle  of  albuminate,  which  serves  to  protect  them  from  irritaticsi, 

and  thus  promotes  their  healing. 

.       When  very  lai^  quantities  of  acetate  are  swallowed,  particularly  if 

1  in  a  concentrated  form,  they  give  rise  to  the  ordinary  symptoms  of 

1  irritant  poiaoning,  nausea,  vomit.inp'.  pain  in  ft-"  °K^nT»a»    violent 

I  guifflng  or  Bomptimes  conBtipatjf^ti,  Hnntl  in  thg  TrmnitiH  mutter  and 

I  stools,  great  thirst,  weakncaa.  and  cnlla-pHtt.    -Jn  some  instances  in 

which  the  patients  recovered  from  these  symptoms,  they  subsequently 

suffered  from  chronic  lead  poisoning,  but  apart  from  these,  nothing 

in  the  course  of  acute  lead  poisoning  suggests  the  absorption  of  the 

metal,  all  the  symptoms  being  obviously  due  to  the  local  effects  on  the 

stomach  and  bowel,  and  to  tl^  consequent  collapse.    In  fact  Uie  effects 

of  a  sudden  absorption  of  lead  in  man  are  unknown. 

^  animala  also,  some  difQcuIty  has  been  met  in  inducing  tne  symptoms 
due  TO  tRe  "action  of  large  qnnntitieB  of  lead  in  the  tissues,  because  most  forms 
of  lead  injected  into  the  vessels  precipitate  the  proteins  of  the  blood  and  cause 
embolism,  while,  on  the  other  hand,  only  local  symptoms  can  be  induced  by 
its  administration  by  the  mouth.  Hamack  injected  salts  of  lead-triethyl,  in 
which  the  metal  is  not  contained  in  a  dissociable  fonn,  but  which  is  decom- 
posed in  the  tissues  and  then  gives  rise  to  lead  symptoms.  In  the  frog  it 
induced  general  paralysis,  apparently  from  direct  action  on  the  centra]  ner- 
vous system.  The  frog's  muscle  is  also  affected  by  lead  as  is  shown  by 
changes  in  its  elasticity  and  irritability  and  by  changes  in  the  form  of  the 
curve  of  contraction  (Cash).  In  the  dog  large  doses  of  lead  injected  into  a 
vein  induee  weakness  and  paralysis,  violent  diarrhcea  and  colic,  chorea-like 
movements,  tremors,  which  often  assume  the  appearance  of  tnie  eonvnlaions, 
and  ataxia.  The  diairhoas  Hamack  found  to  be  dne  to  violent  contractions  of 
the  intestinal  walls,  which  maintained  a  certain  degree  of  contraction  even 
when  no  peristaltic  wave  was  passing.  This  action  of  lead  upon  the  intestiiie 
is  of  interest,  becanse  it  bears  a  close  relation  to  the  cohc  observed  in  chronic 
lead  poisoning  in  man,  although  here  there  is  generally  constipation,  and  also 
because  it  connects  lead  with  the  other  heavy  metala,  all  of  which  have  more 
or  less  specific  action  on  the  intestine.  The  ataxia  and  other  brain  symptoms 
also  have  their  counterpart  in  the  brain  symptoms  of  chronic  poisoning  in  man. 

A  single  dose  of  a  lead  salt  does  not  generally  give  rise  to  any  symp- 
toms which  would  indicate  the  absorption  of  the  metal,  but  the^it. 
fanpd  iTigpfltinTi  of  small  quantities  by  way  of  the  stomach,  or  by 
inhalation  by  the  lungs,  induces  chronic  poisoning,  which  can  be  ex- 
plained only  by  its  Bbsgrpiic^  There  seems  some  reason  to  believe 
that  lead  is  absorbed  from  the  unbroken  skin,  though  it  is  possible 
that  some  of  the  metal  was  carried  to  the  mouth  and  swallowed  with 
the  food  in  the  cases  on  which  the  statement  is  founded.  Lead  is 
apparently  Absorbed  more  rapidly  than  most  of  the  metals  except 
mercury,  and  ramains  lodged  in  the  tissues  a  Jong  timp,  the  excretion 
taking  place  only  yery  slowly,  it  is  found  in  most  organs  in  cases  of 
poisoning,  particularly  in  the  liver  andkidney.  It  is  Excreted  in  the 
u^ine,  the  bile,  the  secretion  "f  tih"  intparini^i  epithelium,  in  the  milk 

Chronic  Lead  Poisoning  is  the  commonest  of  all  forms  of  metallic 
poisoning,  and  at  the  same  time  one  of  the  most  insidious.    It  is  al- 
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ways  accidental,  and  altboagh  it  is  moat  common  in  workers  in  lead, 
may  occur  in  persons  who  are  not  apparently  liable  to  come  in  contact 
with  the  metal.  There  is  no  question  that  some  people  are  much  more 
susceptible  to  lead  than  others.  Ansemia  and  weakness  from  any 
cause  are  generally  believed  to  predispose  to  the  disease,  women  and 
children  are  more  liable  to  it  than  mrai,  and  alcohoUanLjjid  previous 
lead  intoxieatign  increase  the  tendency  to  the  attack.  Eelapses  ate 
very  common,  and  may  biiW  years  afier  the  nrst  symptoms,  even 
although  there  has  been  no  further  exposure  in  the  interval.  Lead 
smelters,  workers  in  whito  lead  fantnripH,  paintera^p]  umbers,  eTec- 
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:ncians,_jn(l  typesetters  _a re  liable  to  lead  poisoningTrom  continually 
llhdling  the  metal;  but  other  trades  are  not  exempt  from  it,  and 
sometimes  the  channels  by  which  it  gains  entrance  to  the  body  are 
very  obscure.  Some  of  the  more  common  causes  of  poisoning  are  lead 
water-pipea  or  cocking  utensils,  lead  used  to  close  tins  of.meat  or 
fruit,  and  lead  in^Alf  U  yes.  l''ui uibii.v Xcommon  source  of  poisoning 
was  wine  and  cider  to  which  lead  had  been  added  to  reduce  the  acidity. 
A  considerable  number  of  cases  of  poisoning  have  been  recorded  from 
the  Qse  of  lead  preparations  as  abortifacients. 

The  symptoms  of  chronic  lead  poisoning  vary  greatly  in  different 
cases,  sometimes  only  one  or  two  organs  being  attacked,  in  others  the 
whole  economy  appearing  involved  in  the  disorder.  The  symptoms 
may  be  divided  into  groups  for  convenience,  but  it  is  to  be  noted  that 
many  of  these  appear  to  be  closely  inter-connected,  and  that  in  many 
cases  it  is  impossible  to  decide  whether  a  set  of  symptoms  is  due  to 
direct  action  upon  a  single  organ,  or  to  the  simultaneous  disease  of 
several. 

The  Hoath,  Stomadi  and  Diseition  very  often  give  early  indications 
of  lead  poisoning.  The  patient  complains  of  loss  of  appetite,  naueea. 
constipation,  wasting,  a  metallic  taste  and  foBtm  brefttji,  and-a-lalue- 
black  line  is  seen  along  the  margin  of  the  teeth  where  they  enter  the 
ffTTma.  i  nin  "jftad  liiuLl'  is  due  to  the  precipitation  of  lead  sulphide 
by  the  bvdrogcn  sulphide  produced  by  the  action  of  bacteria,  and^is 
often  absent,  especially  where  the  teeth  are  not  carious  and  are  kept 
clean.  The  metallic  taste  seems  due  to  the  excretion  of  lead  in  the 
saliva,  and  the  loss  of  appetite  may  arise  from  the  same  cause.  These 
symptoms  may  be  produced  in  animals  also.  Virchow  and  Maier 
found  in  one  ease  in  man  the  gastric  epithelium  in  a  state  of  fatty 
degeneration,  and  proliferation  of  the  connective  tissue  of  the  mucous 
membrane. 

Another  early  symptom  is  Aju^^^which  may  be  due  in  part  to 
malnutrition,  but  is  attributed  mainly  to  an  abnormal  destruction  of 
the  red  cells  of  the  blood ;  the  white  corpuscles  are  increased-  in  mah^ 
cases  Dut  not  in  all.  It  is  jiftffl  accompanied  by  2.^undice,_jivith  the 
Hl^y  plgiU«ULtlJ"urine  anH  nttu^r  aypiptATTiq  which  uBuallvfollow  r 
liberation  of  large  quantities  of  hEemoglobin  from  the  breaking  up 
red  cells.  _ii  is  stated  that  the  red  blood-cells  often  contain  granul 
staining  with  basophils  dyes  and  indicating  incomplete  disappearance 
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of  the  nucleus;  this  change  may  present  itself  before  any  other  symp- 
tom. The  aluemia  is  often  very  marked,  and  is  sometitnes  the  chief 
or  only  symptom  of  lead  poisoning;  according  to  some  anthorities,  it 
is  present  in  a  greater  or  less  degree  in  the  majority  of  white-lead 
workers,  and  it  leads  to  wg,a^eas,  laytpiyr.  and  in  young  women  often 
to  ain^aEEbcea.  Abortion  is  very  often  met  with  in  lead  poisoning, 
andlnwomen  employed  in  lead  works  who  do  not  show  any  marked 
symptoms  of  disease.  The  children  of  parents  suffering  from  lead 
are  often  weak  and  undersized,  and  a  very  large  proportion  of  them 
die  in  early  infancy. 

One  of  the  commonest  symptoms  is  ImA  Oolic,  painters'  colic, 
colica  aatumina  or  colica  Pictonum.  This  generally  sets  in  suddenly, 
and  is  accompanied  in  most  cases  by  ohati p atojoBstifi ation,  in  a  very 
small  proportion  by  diarrhcea.  Pam223»s-of  the  most  ag^te  -agaitf' 
are  followed  by  intervals  of  comparative  freedom  from  pau\,  hut  in 
these  intervals  some  tenderness  of  the  abdomen  may  be  complained  of, 
while  daring  the  attack  pressure  generally  relieves  the  pain.  The 
colic  lasts  for  several  days,  or  a  week,  and  then  disappears,  bnt  is 
liable  to  return  at  intervals.  The  abdomen  is  generally  hollow,  re- 
tracted and  hard,  and  during  the  acute  spasms  the  patient  often  gains 
some  relief  by  lying  on  his  face  with  the  fists  pressed  against  the 
umbilical  region,  to  which  the  pain  is  usually  referred.  Vomiting  is 
frequently  present,  the  pulse  is  alow  and  very  hard,  especially  during 
the  acute  crises,  while  the  respiration  may  be  accelerated.  The  urine 
is  scanty,  and,  according  to  Stokvis  and  Nakorai,  c(Hitains  hsemato- 
porphyrin. 

The  cause  of  lead  colic  is  evidently  spasm  of  the  intestine,  but  it  is 
uncertain  whether  it  arises  from  action  on  the  muscle  or  on  the 
I  ganglionic  plexus.  It  can  be  induced  in  animals,  and  according  to 
»  Hamack,  is  relieved  by  atropine.  The  blood-pressure  is  raised  in 
man,  not  only  during  the  spasms,  but  also  in  the  intervals.  This 
contraction  of  the  vessels  and  the  slowing  of  the  pulse  is  often  said  to 
be  refiex  from  the  pain,  but  this  seems  to  be  disproved  by  the  fact  that 
it  remains  during  the  intervals.  Some  writers  have  therefore  regarded 
the  colic  and  its  attendant  symptoms  as  due  to  a  vascular  spasm,  and 
have  supported  this  by  showing  that  nitrite  of  amyl,  which  dilates  the 
vessels,  also  relieves  the  colic. 

Another  common  result  of  chronic  lead  poisoning  is  Paralyats,  lead. 
""  pBi"*iri'  pivlny,  paralysis  satumina,  which  is  almost  invariably 
limited  to  certain  groups  of  muscles,  the  px^BTiRnrs  of  tbg  forearm. 
It  is  bilateral  in  the  great  majority  of  cases,  but  sometimes  invoTves 


only  ojie  AHu.  The  affection  generally  begins  in  the  middle  and  ring 
fingers,  which  cannot  be  extended,  then  spreads  to  the  index  and  little 
fihger,"  and  afterwards  to  the  thumb  and  wrist.  The  fingers  remain 
flexed  and  later  the  wrist  is  similarly  affected,  so  that  the  condition  is 
often  known  as  wrpt-drop.  Even  after  all  the  other  muscles  of  the 
extensor  surface  "of  the"  forearm  are  involved,  the  supinator  longus 
remains  normal  as  a  general  rule.     The  muscles  affected  atrophy 
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rapidly,  and  in  old  cases  contrftntiirft  (^i  thp  fli^irn;-  mnat^lpa  seta  in, 
when  the  limb  becomes  immovable  and  baa  a  characteristic  ninw-likft. 
jippearance.  More  rarely  other  regions  are  affected,  such  as  the 
laryngeS  muscles  (in  the  horse),  the  exterpal  rarjiia  of  the  eye,  or  the 
muscles  of  the  leg.  In  rabbits  and  guinea-pigs  several  observers  have 
Biiu(!4tmlHi  111  luTIucing  paralysis  of  the  hind  limbs,  and  the  legs  are 
said  to  be  affected  very  often  in  young  children.  "When  paralysis  is 
complete,  the  induced  electric  current  fails  to  cause  contraction, 
whether  it  is  applied  to  the  muscles  or  to  the  nerve,  but  the  galvanic 
shock  induces  an  abnormally  strong  contraction  when  it  is  passed 
through  the  muscle,  the  make  shock  having  more  effect  than  the  break ; 
the  contraction  is  more  prolonged,  the  relaxation  slower  than  in  nor- 
mal muscles.  This  reaction  of  degeneration  is  said  to  occur  in  the 
other  muscles  in  lead  poisoning,  even  when  no  paralysis  can  he  de-' 
tected  in  them.  The  cause  of  lead  palsy  is  peripheral  neuritis  and 
degeneration  of  the  nervea,  which  sometimes  involves  secondarily  the 
cells  of  the  anterior  horn  oFthe  spinal  cord.  Peripheral  neuritis  and 
paralysis  have  been  elicited  repeatedly  in  animals.  The  affection  of 
the  efferent  fibres  by  the  poison  more  commonly  gives  rise  to  symp- 
toms than  that  of  the  afferent  fibres,  hut  these  are  also  involved  in  the 
action,  as  is  shown  by  local  Anarthwia.  This  is  generally  sudden  in 
its  onset,  but  may  be  preceded  by  numbness  or  tickling  of  the  skin, 
and  generally  lasts  only  one  or  two  weeks  when  saisation  returns 
again  to  the  part. 

Lead  Arthralgia,  which  arises  from  the  same  action  on  the  periph- 
eral nerves,  is  more  commonly  observed,  perhaps  because  it  is  so 
much  more  evident.  It  consists  in  sharp  lancinating  or  boring  pains 
around  the  joints,  the  intensity  of  the  pain  being  comparable  only  to 
that  of  lead  colic  It>wete  in  suddenly,  usually  in  the  night,  and 
generally  disappears  as  suddenly.  ' 

Lead  Amblyopia,  or  blindness,  is  one  of  the  rarer  affections.  The 
sight  may  be  lost  completely,  or  may  only  be  dim,  and  the  onset  may 
be  sudden  or  gradual.  It  arises  from  neuritis  of  thp  nptin  n^rgia  ancK 
degeneration  of  the  retinal  nerve  cells,  or  in  some  cases  may  be  the] 
result  of  the  changes  in  the  kidagy  occasioning  ^buminuric  retinitis ' 
or  effusion  into  the  optic  sheath.  The  sudden  cases  ot  biindne3B~a>e 
probably  due  to  ursemia,  and  the  prognosis  in  all  forms  depends  on  the 
duration  of  the  neuritis,  and,  in  the  ease  of  albuminuria,  on  the 
extent  to  which  the  kidney  is  involved.  In  early  cases  of  neuritis,  the 
disease  can  generally  be  arrested  and  even  complete  restitution  may 
take  place,  but  if  it  be  neglected,  optic  atrophy  follows, 

Under  saturnine  Encephalopathla,  a  number  of  disorders  of  the  brain 
are  classed  tc^ther.  They  are  comparatively  rare  at  the  present 
time,  and  their  onset  generally  indicates  long  standing  and  neglected 
lead  intoxication,  although  in  some  cases  the  patient  has  been  shown 
to  be  exposed  to  the  poison  for  only  a  short  period.  One  of  the  most 
characteristic  features  is  the  rapidity  with  which  the  disease  changes 
from  one  type  to  another,  and  the  diversity  of  the  symptoms  present 
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1  at  o4e  tima  These  cerebral  symptoms  sometimes  appear  Rnddenly^ 
while  in  other  cases  they  are  heralded  by  violent  headache,  giddiness 
and  sleeplessness,  or  by  amblyopia,  deafness,  great  deprefisicai,  stupor, 
weakness  and  tremor.  Later,  sudden  mania  and  delirinm,  with  con- 
vulsions resembling  chorea  or  epilepsy,  hallucinations  and  illusiona 
indistinguishable  from  those  of  alcoholic  delirium,  sudden  apoplectic 

I  paralysis,  ataxia,  partial  analgesia,  hypersesthesia,  or  coma  may  occur 
separately  or  in  succession.  Oliver  states  that  the  encephalopathie 
symptoms  are  especially  liable  to  occur  in  persons  addicted  to  alcohol. 

In  animals  cerebral  symptoms  are  readily  induced  by  lead,  either 
by  intravenous  injection  (Hamack),  or  by  chronic  poisoning  with  the 
ordinary  salts.  Chorea,  tremors  and  general  c(mvulsions  have  been 
caused  in  this  way  in  dt^. 

The  encephalopathia  is  obviously  of  cerebral  origin  for  the  moat 
part,  although  the  lower  divisi<His  of  the  central  nervous  system  are 
also  involved  in  many  cases.  In  several  autopsies  of  patients  dying 
from  lead  poisoning,  atrophy  of  parts  of  the  cerebrum,  or  hsemor- 
rhages  have  been  found,  and  very  frequently  disease  of  the  brain 
vessels  has  been  met  with.  In  other  cases  of  undoubted  encephalo- 
pathia in  man,  no  such  lesions  have  been  observed,  and  in  animals 
poisoned  by  Haraack's  method  they  are  certainly  not  present.  Many 
of  the  symptoms  are  obvioualy  not  due  to  these  gross  lesions,  for  the 
suddenness  of  their  onset  and  of  the  recovery  precludes  any  such 
explanation,  and  shows  that  lead  has  also  a  direct  action  on  the  brain 
cells. 

I  It  must  be  noted  that  in  additi<m  to  these  generally  recc^ized 
leymptoms  of  encephalopathia  satumina,  several  obscure  chronic 
Inervous  diseases  have  been  ascribed  by  Putnam  and  others  to  lead 
[intoxication,  and  it  is  certainly  possible  that  its  action  may  prove  to 
I  be  even  more  wide-reaching  and  insidious  than  is  generally  recognized 
Vat  present. 

Another  organ'  acted  on  by  lead,  especially  in  prolonged  poisoning, 
ia  tbf  Kidnay,  which  is  often  found  to  present  a  typical  '■"j  gmyiTilHT- 
TippbritJH.  During  life  the  urine  presents  the  ordinary  appearances 
of  this  disease,  being  copious  in  amount  and  of  low  speci^^  gTovitv^ 
and  containing  comparatively  small  quantities  of  albumin  "or  ^asts. 
In  some  cases  in  man,  the  kidney^aft  pPfeSfihted  a  mixture  ot  paren- 
chymatous  and  interstitial  disease,  while  in  animals  the  parenchyma 
alone  is  affected,  perhaps  because  the  experiments  have  not  lasted  long 
enough.  The  disease  of  the  kidney  from  lead  poisoning,  as  from 
other  sources,  may  cause  dcfipsy,  ur8emia_and  amblyopia,  but  it  is  to 
be  noted  that  the  brain  and  eye  may  be  affected  in  cases  in  which 
there  is  no  nephritis. 

Gont  is  very  common  in  lead  poisoning,  which  evidently  predisposes 
to  this  disease,  if  it  does  not  actually  cause  it,  for  Garrod  states  that 
in  one-fourth  of  the  cases  of  gout  treated  by  him  there  was  a  history 
of  lead  poisoning.     In  districts  where  ordinary  gout  is  rare,  lead 
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poisoning  seldom  leads  to  it,  but  where  ordinary  gout  is  met  with,  it 
la  ft  fairly  common  complication  of  aatuminiam.    vJX  ItAA 

Another  condition  in  which  lead  poiaomng  may  act  aa  a  predispoa- 
iug  factor  if  Arteriosdonnis;  the  malimtrition,  aneemia,  and  renal 
changes  induced  by  the  metal  would  in  themselves  tend  to  induce 
changes  in  the  vessels  throughout  the  body,  and  degeneration  of  their 
walls  is  met  with  in  a  considerable  proportion  of  cases  of  very  pro- 
longed exposure  to  it. 

Lead  poisoning  runs  no  definite  course.     As  a  general  rule  the 


prolonged  TJotroning.  Any  one  of  these  aymptoms  may  be  present 
alone,  and  the  diagnosis  is  then  very  difficult.  T^i  dmiKt-.fn1  paywjjip 
urine  or  the  stool  a  may  ha  tfiatf^A  -fur  }mA  Every  case  in  which  Iea3" 
IS  tound  in  the  urine  is  not  necessarily  one  of  lead  intoxication,  how- 
ever, for  it  has  been  detected  in  a  number  of  perfectly  healthy  indi- 
viduals. 

It  is  impossible  at  present  to  give  any  general  explanation  for  the 
diversity  of  the  forma  of  chronic  lead  poisoning.  The  pentf»l  nprvn^m 
system  ia  certainlv  acted  on.  both  in  its  higher  f^n^j  Iowap  Hipjamna 
tKb  Ij-flTJ  line.  metalliiLtaftte  and  nausea,  and  pfirhapa  the  constipation,  i 
would  seem  to  be  connected  with  the  excretion  of  the  metal  along  the  I 
alimentary  canal,  while  the  renal  action  ia  probably  of  the  same  nature  / 
as  that  inducing  periarteritia  in  the  brain  and,  as  is  alleged,  in  the! 
lungs  under  some  conditions.  The  ansmia  indicates  an  action  on  the  1 
red  cells  of  the  blood,  and  the  gout  some  disturbance  of  the  general  I 
nutrition.  Attempts  have  been  made  to  elucidate  the  nature  of  this 
action  on  metabolism  by  estimating  the  urea  and  other  constitu^its  of 
the  urine,  but  no  important  light  haa  been  thrown  on  it  by  this  means, 
nor  in  fact  are  significant  reaulta  to  be  hoped  for  in  a  disease  which 
offers  so  many  and  so  djverse  types  aa  lead  poiaoning. 

Lead  acts  up<»i  so  many  tiaaues  that  it  might  be  expected  to  have 
some  distinctive  action  upon  the  simpler  organisms,  but,  aa  a  matter 
of  fact,  it  seems  leas  poisonous  to  them  than  most  other  heavy  metala. 

Pbbpabations. 

Rr-TTmii  AfTgTAB  fn  R  P.,  B.  P.),  Jead  acetate,  sugar  of  lead  fPbfC  J.0.1. 
-{-3H,0),  forms  colorless  crystals,  with  a  sveeiian,  asiimgeni,  afterwania      .-^      ^£ 
metallic  taste,  very  soluble  in  water,  less  so  in  alcohoL     0.05-0.3  G,  (1-5  gra.).     *V\r^? 

Unguentum  Flumbi  Acetatit  (B.  P.),  4  per  cent.  I  ~  "  P- 

Suppoaitoria  Plumbi  Compoaita  (B.  P.) ;  each  contains  3  gre.  of  lead  ace- 
tate and  1  gr.  of  opium. 

Pilula  Plumbi  cum  Opio  (B.  P.)  contains  about  12i  per  cent,  of  opium. 
2-4  grs. 

Liquor  Phtmbi  Subaeetaiis  (U.  S.  P.),  Liquor  Plumb*  Subacelalia  Fortia 
{B.  e.\,  jjouisg's  ertraet.  an  aqueous  solution  containing  about  25  per  cent,  j  ■ 
of  lead  Bubacetate  [epproiimately  Pb(C,H,0,)^bO).     When  exposed  to  the 
air,  the  insoluble  lead  carbonate  is  formed.     The  Eubacetat«  solutions  are  alka- 
line in  reaction.  i 
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lAauor  Plumbi  SuboMtiaig  Mwttw  (U.  S.  P.,  B.  P.),  lead  water,  Qoulard'a 
lotion  or  wStBfr'a  ao]ntinii%ontainitig  about  10  parU  (3~parta  B.  P.)  of  tUe 
Bsbacetate  in  1,000  parts  of  water, 

Glyceritnm  Plumbi  Subaeetatu  (B.  P.). 

Ceratum  Plumbi  Subacetatia  (U.  S.  P.),  Oonlard's  cerate. 

Plumbi  Nitrae  (U.  S.  P.)  {Pb(NO,),). 

Lead  plaster  or  diachylon  plaster^  £mpto«tnutt-Pi«Mit6i'.     (See  Part  VI.) 

Therqisutic  Uses. — Lead  is  used  in  tberapentica  only  for  its  ag^ryi; 
gentjption.  The  acetate  is  prescribed  intemallj  in  dj^rrjic^a,  geaer- 
anyalong  'with  opium,  and  always  in  pill  form,  as  the  solution  would 
act  on  the  stomach  and  have  less  effect  on  the  boweL  It  has  heen 
tried  in  dysentery  and  cholera,  but  has  proved  of  little  value.  Lead 
has  also  been  advised  in  cases  of  bfeinorrhage  from  the  lungs,  kidneys 
and  uterus,  but  is  quite  valueless  here,  as  it  acts  aa  a  styptic  only  when 
applied  locally.  Still  less  reason  is  there  for  its  use  in  nephritis,  cys- 
titis and  similar  conditions. 

Externally,  a  solution  of  the  acetate  or  the  dilute  solution  of  the 
/  subacetate  is  used  as  an  astringent  lotion  in  bums  and  as  an  injection 
j   in  gonorrbcea.     Nitrate  of  lead  has  a  reputation  in  the  treatmait  of 
onychia. 

kLead  ought  not  to  be  employed  externally  or  internally  escept  for 
short  time  as  otherwise  symptoms  of  poisoning  may  arise. 

Poisoning. — In  acute  lead  poisoning,  the  indications  are  its  removal 

from  the  stomach  by  ijtaghillg,  and  its  precipitatioD.  which  may  be 

best  accomplished  by  solutioDS  of  the  sulphates,  such  as  of  magneaium 

sulphatg^  In  the  absence  oi  the  sulphates,  white  of  egg  or  milk  is 

\  gitWTo  form  the  insoluble  albuminate. 

In  chronic  poisoning,  tiie  general  treatment  is  the  removal  of  the 
patient  from  die  danger  of  further  poisoning,  the  administrati(n)  of 
iodi^e^FpotaesHMQ,  and  nutritious,  strengthening  diet.  The  iodide 
of  potassium  has  been  said  to  accelerate  the  elimination  of  lead  by  the 
kidneys,  but  according  to  Lebmann's  experiments  is  not  superior  to 
the  bromide  or  the  chloride  of  potassium,  and  it  baa  been  recently 
denied  that  it  has  any  effect  on  the  excretion  by  the  urine  or  by  the 
intestine,  by  which  most  of  the  lead  escapes  from  the  body.  In 
practice,  however,  the  iodide  is  always  used.  Diuretics  may  be  pre- 
scribed, and  hot  baths;  sulphur  baths  are  especially  recommended, 
and  massage  is  said  to  hasten  the  elimination  of  the  poison. 

I  In  colic,  morphine  or  opium  is  often  necessary  to  allay  the  pain. 
Belladonna  or  atropine  is  used  less  frequently,  and  nitrite  of  amyl  is 
said  to  be  efficiait  for  a  short  time.  In  the  intervals  between  the 
paroxysms,  a  saline  cathartic  is  often  necessary  to  relieve  the  consti- 
pation, or  if  the  vomiting  prevents  this,  a  large  enema  may  be  thrown 
into  the  bowel. 

In  arthralgia,  the  pain  may  necessitate  the  giving  of  opiates.  In 
aiuestbesia  and  encephalopathia,  the  treatment  is  expectant  and  symp- 
tomatic ;  for  instance,  in  mania,  or  violent  delirium,  chloral  may  be 
necessary. 
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In  paralyais,  atrychnine  may  be  used  along  with  the  general  treat- 
ment, bnt  the  chief  reliance  ia  to  be  placed  on  the  electrical  atimnla- 
tiOTi  of  the  paralyzed  muscles,  first  with  the  galvanic  current,  and,  as 
recovery  seta  in,  with  the  induction  coil.  Massage  of  the  masclea  is 
also  of  benefit. 

Nephritis  and  gout  due  to  lead  poisoning  are  to  be  treated  in  the 
same  way  as  those  arising  from  other  causes. 

In  ^Mid  works  and  paint  factories,  much  may  be  done  to  prevent 
lead  poisonmg.  Jjust  is  to  be  avoided  as  much  as  possible,  and  where 
this  is  neeessaril^jirUBuuL,  Che  rooms  ought  to  be  thoroughly  venti- 
lated^ The  upcessity  of  frequent  bathing  and  of  thorough  washing 

>^ofnyfi  unjale   r.,-,jAt   tn  Ko   iiriprpfiWl   on   the  'wfll'lllllHIl,   Hud   Uu   food   IS 

to  be  admitted  to  the  works.  A  lemonade  made  with  sulphuric  aciH 
is  often  recommended  as  a  prophylactic  measure  with  the  object  of 
changing  the  lead  to  the  insoluble  sulphate  and  thus  rendering  it  less 
readily  absorbed.  Poisoning  may,  however,  be  induced  by  lead  sul- 
phate, though  less  often  than  by  the  carbonate,  which  is  dissolved  by 
water  in  the  presence  of  free  carbonic  acid,  and  which  is  changed  tu 
the  slightly  soluble  chloride  in  the  stomach. 

When  symptoms  of  poisoning  have  appeared,  the  patient  ought  noti 
to  be  allowed  to  work  again,  or  at  least  only  after  a  long  interval.1 
Weak  and  anemic  men  ought  not  to  be  admitted  as  workmen,  and! 
women  are  not  to  be  employed  in  lead  works  more  than  can  b© 
avoided. 
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V.     OOFFEB. 

Copper  aeldtt"^ -^^^8  ^^  ^^  QoiggniBg,  and  ia  mnclL  lesa  frequently 
used  in  medicine  Uian  many  oitte  other  heavy  metals.  The  solnble 
sala-precipitate  proteina  fr(?m  Hftlntinn,  and  are  therefore  astna^Ent 
when  applied  to  the  mucous  membnapes  and  t^jjrounded  surfaces,  in 
larger  quantities  they  are  somewhat  irritant  an3~corro8ive,  wlhough 
much  less  so  than  mercury. 

STmptoms. — The  copper  salts  have  a  harsh,  metallic,  ^eatring^t 
taste,  and  when  swallowed  in  some  quantity  cause  nausea,  salivation 
and  vomiting.    The  moat  of  the  salt  ia  thus  removed,  and  no  further 
symptoms  are  observed.     Large  quantitiefl,  however,  induce  corrosion 
of  the  walls  of  the  atomacb  and  inteatine,  and  give  rise  to  violent  vom- 
iting and  purging,  the  copper  giving  a  blue  or  green  color  to  the  vom- 
ited matter  and  the  stools,  and  blood  appearing  in  them  later  from  the 
corrosion  of  the  mucous  membrane.     "Violent  pain  in  the  abdomen  is 
Y  complained  of,  and  the  usual  symptoms  of  acute  corrosive  poisoning 
\  may  follow — collapse,  with  weak  pulse  and  reapiration,  headache, 
\  giddiness,  unconsciousness,  delirium,  coma,  convulsions  and  paralysis, 
f  These  may  prove  fatal  in  a  few  boura,  but  more  frequently  the  patient 
'  Uvea  for  several  days  to  sink  eventually  from  exhaustion. 

The  nausea,  vomiting  and  ptu^ing  of  acuta  copper  poisoning  are  due  to  the 
local  effect  on  the  mocous  membranes  of  the  stomach  and  intestine.  In  fact, 
although  some  copper  is  absorbed  in  these  cases,  there  is  no  reason  to  sup- 
pose that  any  of  the  acute  symptoms  are  due  to  it,  for  they  are  all  induced 
by  other  poisons  which  set  only  as  g&stro-inteatinal  irritants. 

It  is  still  disputed  whether  chronic  copper  poisoning  occurs  in  man.  The 
question  ia  of  great  hygienic  interest,  because  copper  is  used  very  often  to 
^ve  color  to  preserved  vegetables,  such  as  peas,  is  added  to  flour  to  improve 
the  bread,  and  may  enter  into  the  food  from  the  use  of  copper  cooking  ves- 
sels and  in  a  variety  of  other  ways.  In  copper  and  brass  workers,  gastro- 
.intestinal  catarrh,  or  colie  and  diarrhma,  occur  occasionally  and  are  ascribed 
to  the  copper  swallowed  in  the  course  of  their  occupation.  The  dust  inhaled 
may  similarly  cause  laiyngeal  irritation  and  bronchitis.  The  sldn  and  hair 
have  often  a  greenish  tint,  and  a  green  line  on  the  teeth,  just  where  they 
enter  the  gums,  is  known  as  the  copper  line;  but  it  is  believed  that  these  are 
due  largely  to  the  copper  dust  deposited  on  the  skin,  hair  and  teeth,  and  not 
to  the  excretion  of  the  metal.  Local  paralysis,  annmia,  tremor,  emaciation 
and  cutaneous  eruptions  are  said  to  have  followed  these  symptoms  in  some 
cases,  and  have  been  held  to  indicate  that  copper  is  poisonous  after  absorp- 
tion, but  it  may  fairly  be  doubted  whether  these  symptoms  are  really  due  to 
the  copper  or  to  the  lead,  arsenic  and  other  poisons  often  associated  with  it. 
It  is  cratain  that  only  a  very  small  proportion  of  workers  suffer  from  any 
symptoms  whatever,  and  that  the  great  majority  enjoy  excellent  health. 
Fortbennore,  copper  has  been  taken  in  the  form  of  the  metal,  or  of  its  soluble 
salts  for  prolonged  periods  without  any  symptoms  being  elicited  except  those 
of  slight  intestinal  catarrh  and  some  nausea.  Animals  have  been  fed  with 
food  containing  large  doses  of  copper  for  many  months,  apparently  without 
any  symptoms  of  poisoning,  and  copper  is  found  so  regularly  in  the  tissues 
of  man  and  animals  that  it  may  be  regarded  as  a  normal  nnnBt.jfnpnt.  although 
its  function  is  altogether  unknown  and  it  may  be  merely  stored 'up  on  its  way 
to  excretion.  Of  course  it  is  possible  that  there  exists  in  certain  persona  an 
idiosyncrasy  for  copper,  and  that  these  suffer  from  the  ingestion  of  quantities 
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which  are  harmless  in  othera.     But  until  the  symptoms  have  been  more  defi- 
nitely determined,  and  have  been  shown  not  to  arise  from  the  other  poisons 

'  associated  with  copper,  it  is  impossible  to  consider  this  form  of  intoxication 

as  satisfactorily  established,  and  there  is  no  reason  to  sappose  that  poisoning| 

-  <!an  be  induced  by  small  quantities  of  copper  such  as  are  contained  in  pre-l 

•  served  vegetables  or  in  food  cooked  in  copper  vessels. 

In  animals  the  general  action  may  be  elicited  by  the  injection  of  copper 
into  the  blood  or  aubcutaneooaly.  The  ordinary  salts  are  inadmissible  by 
the  former  method,  as  they  precipitate  the  proteins  oi  the  blood  and  cause 
embolism,  and  double  salts,  such  as  the  tartrate  of  copper  and  sodium,  have 
therefore  been  used.  In  the  frog  copper  induces  great  weakness  and  event- 
ually complete  paralysis  of  the  spontaneous  movements  and  of  the  heart. 
Hamack  attributed  this  to  direct  action  on  the  muscle,  bat  later  observers 
have  found  that  the  central  nervous  system  is  primarily  affected,  and  that  the 
muscles  retain  their  irritability  after  complete  paralysis  of  the  spinal  cord. 
There  is,  however,  a  direct  action  on  the  muscles  also,  for  they  lose  their 
irritability  very  soon  after  death  and  even  before  the  spontaneous  movements 
have  ceased  the  contraction  of  the  muscles  on  direct  stimulation  is  much 
weaker  than  usual.  Very  often  fibrillary  contractions  are  observed  early  in 
tbe  frog,  but  it  is  unknown  whether  these  are  of  central  or  of  peripheral 
origin.  The  heart  is  somewhat  accelerated  at  first  by  very  small  quantities, 
but  later  becomes  slow  and  weak,  and  finally  ceases  in  diastole  before  the 
skeletal  muscles  are  paralyzed;  the  changes  in  the  heart  are  due  to  direct 
action  on  the  muscle. 

In  mammals  the  intravenous  injection  of  copper  does  not  cause  vomiting 
according  to  most  anthors,  thus  proving  that  the  emfijt  action  is  due  to  the 
imit^^jonof  the  gtoma^.  andnotto  any  actionm  the  medulla.  When 
large  quantities  are  injected,  tfiti  i6<flllHHiin»  sbpii  B^mea  slo^^clumay  and 
weaker,  and  later  complete  paralysis  of  the  spontaneous  movements  follows. 
The  heart  and  respiration  seem  equally  involved,  but  tlie  respiration  ceases 
somewhat  earlier  than  the  heart.  The  blood-pressure  rises  slightly  after  the 
intravenons  injection  of  copper,  but  afterwards  falls,  partly  on  account  of 
the  weakness  of  the  heart,  and  partly  from  failure  of  tbe  vasomotor  nerves 
to  maintain  the  contraction  of  the  blood  vessels.  When  an  animal  survives 
longer,  violent,  sometimes  bloody,  diarrhoea  is  generally  induced  by  copper, 
as  by  most  of  the  other  heavy  metals.  The  animals  lose  flesh  rapidly,  and 
refuse  food,  and  the  urine  often  contains  albumin,  and  according  to  some 
authors,  hnmoglobin  and  blood.  In  the  rabbit  some  icterus  and  annmia  is 
said  to  occur  from  the  destruction  of  the  red  blood  cells,  and  fatty  degenera- 
tion of  the  liver,  kidney  and  heart  has  been  observed.  Others  have  fonnd 
eccbymoses  and  congestion  along  the  intestine  and  in  the  kidney  to  be  the 
chief  lesions.  Similar  results  are  obtained  in  rabbits  when  copper  is  given  by 
the  mouth,  as  this  animal  is  incapable  of  rejecting  the  poison  by  vomiting. 
In  the  dog,  on  the  other  hand,  poisonous  doses  are  removed  by  vomiting' when 
they  are  g^ven  by  the  mouth. 

Copper  is  certainly  absorbed  from  the  stomach  and  istestine,  for 
large  qaantities  have  been  found  in  animals  fed  on  it  for  some  time. 
Baum  and  Seeliger  state  that  a  very  large  proportion  of  the  poison  is 
absorbed  irben  small  doses  are  given,  but  tbe  proportion  lessens  as 
the  dose  is  increased.  It  also  passes  into  the  blood  from  other  mucous 
surfaces  and  from  woands.  It  is  eaid  to  have  a  strong  affinity  for 
bsemoglobin  and  to  form  with  it  a  compound  which  Robert  has  named 
cuprohiemol,  and  which  is  stated  to  he  formed  very  rapidly  when 
copper  is  injected  into  the  blood,  the  metal  leaving  the  serum  and 
attaching  itself  to  the  corpuscles  at  once.     The  copper  absorbed  from 
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the  intestine  and  Btomacfa  ia  lodged  chiefly  in  the  liver,  lesB  in  the 
spleen,  kidney  and  thyroid.  It  iB  ezcreied  in  the  bile,  uuns  and 
sdiciyjn  the  intertinal  secretions,  anotn-Tfaces  in  tETmilt,  and  is 
said  to  pass  from  the  mother  To  the  fcEtus  in  utero.  Copper  is  fonnd 
in  small  quantities  in  these  organs  and  secretions  in  man  and  in 
animals  that  have  not  been  treat^  with  it,  but  in  much  larger  amount 

I  after  prolonged  administration.  Taken  by  the  mouth,  it  fails  to  cauBe 
general  poisoning,  because  it  is  slowly  absorbed,  and  also  because  what 
is  absorbed  is  withdrawn  from  the  blood  by  the  liver. 

Copper  is  found  as  a  normal  constituent  of  the  blood  in  man;  of  the  inver- 
tebrates, in  whieh  it  performs  the  same  function  as  the  iron  of  the  htemo- 
globin  in  the  vertebrates.    It  has  been  detected  in  one  of  the  pigments  of 
birds'  feathers,  and,  as  has  been  stated,  is  eo  frequently  found  in  the  tissues 
of  mammals,  both  wild  and  domesticated,  that  it  ma;  be  regarded,  as  a  nor- 
mal constituent.     Ojsters  and  other  animals  take  it  up  in  lai^  quantities 
when  they  live  in  water  rich  in  copper,  and  apparently  are  not  injured  by  it. 
1  Many  of  the  higher  plants,  notably  the  grape  vine,  are  said  to  be  rcmark- 
\  ably  improved  by  the  sprinkling  of  copper  on  their  leaves,  and  this  is  not 
1  only  trom  the  destruction  of  parasites,  for  vines  free  from  any  disease  show 
la  more  luxuriant  foliage  and  bear  more  and  lai^er  fruit  than  other  healthy 
[plants,  which  are  not  treated  with  it.     On  the  other  hand,  copper  is  a  deadly 
Ipoison  to  several  of  the  lower  plants.     Thus  traces  of  copper  added  to  the 
ilwater  in  which  they  live,  destroy  some  of  the  simpler  ajg»,  and  Na^eli 
llasserts  that  one  part  of  copper  in  one  thousand  million  parts  of  water  is 
■  'sufficient  to  kill  these  plants.     The  parasites  of  the  grape  vine,  potato,  apple 
and  other  plants  are  destroyed  by  spraying  the  plants  with  copper,  and  yeast 
ceases  growing  in  a  0.02  per  cent,  solution,  while  the  moulds  seem  to  be  almost 
immune  to  its  action.     Locke  found  that  the  traces  of  copper  contained  in 
water  distilled  in  copper  vessels  was  sufficient  to  destroy  tubifex  (one  of  the 
annelid  worms)  and  tadpoles,  while  Baeholtz  states  that  the  development  of 
I  bacteria  ia  stopped  by  a  solution  of  copper  sulphate  under  one  per  cent,  in 
I  strength.     Copper  thus  seems  to  have  a  very  powerful  poisonous  action  on 
I  certain  living  forms  and  to  be  harmless  to  others,  and  the  subject  deserves 
\  fnrther  investigation.    It  is  possible  that  it  may  prove  to  act  prejudicially  to 
I  some  human  parasites,  and  it  is  certainly  less  dangerous  to  man  than  many 
other  remedies  used  as  parasiticides  and  disinfectants. 


Peeparatiohb. 
'^A.i-M^       Cttpn  Sulphtu  (U.  S.  P.,  B.  P.)    (CuSO.-f  SH.O),  large,  transparent, 
B       I  (L    deep  blue  crystals,  without  odor,  bat  with  a  nauseons,  metallic  tast«,  solnble 
•J  -.Ip-?  in  water,  scarcely  so  in  alcohol.     Dose  as  an  emetic,  0.3-0.6  Q.  (5-10  gis.). 

Therapflutic  Uses. — Copper  sulphate  is  used  internally  only  as  an 

i  emetic,  and  for  this  purpose  ought  to  be  given  in  about  one  per  cent, 
solution.  It  acts  promptly,  and  does  not  leave  so  much  depression 
and  nausea  as  other  metallic  emetics,  and  for  this  reason  is  unsuitable 
as  an  expectorant.  In  phosphorus  poisoning  it  is  especially  valuable, 
as  in  addition  to  causing  evacuation  of  the  stomach,  the  metal  is  depos- 
ited on  the  particles  of  phosphorus  and  prevents  their  absorption. 
Externally  copper  sulphate  is  used  as  an  astringent  injection  in 
\  gonorrhcea,  and  occasionally  as  a  lotion  in  ulcers  and  wounds ;  for  thi? 
1  purpose  it  is  employed  in  1  per  cent,  solution.     The  solid  crystals  are 
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t  gramilationsToT  their  astringent 
and  corrosive  effect. 

Small  quantities  of  copper  snlphate  have  recently  been  used  to 
destroy  the  algffi  which  grow  in  reservoirs  and  often  give  the  water  a  I 
disagreeable  odor  and  taste.  The  proportion  of  copper  required  fori' 
this  purpose  is  about  one  part  in  a  million  or  sometimes  in  fifty  mil-I 
lions ;  this  treatment  does  not  render  the  water  deleterious  to  man,  fori 
much  larger  quantities  of  copper  have  been  taken  constantly  without! 
injury.  It  has  also  been  su^^iested  to  disinfect  water  contaminated 
with  typhoid  bacilli,  and  some  success  has  been  recorded,  though  these 
organisms  are  less  susceptible  to  copper  than  those  of  putrefaction; 
the  proportion  of  copper  required  for  this  purpose  appears  to  be  greater 
than  that  necessary  to  destroy  the  less  resistant  algfe. 

The  chloride  of  copper  is  a  much  more  irritant  and  dudofectant  robstance 
than  the  sulphate. 

In  cases  of  FoiMnlnc  vitb  copper  salts,  the  stomach  generally  rejects  the 
metal  b;  vomiting  and  no  emetic  is  required.    Kon -corrosive  coinponmjfl  mav 

be  formed 4g  giving  milk,  tigg,  or  other  forms  ol!  AlPlumii.  tmnic,""'' 

■^tftda.  or  femiyAfa'iflT 
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The  effects  of  zinc  resemble  those  of  copper  so  closely  that  they 
need  only  brief  mentionr  l.iKe  copper,  the  soluble  salts  form  insok 
nble  albBpi^iTlP*"  """^  therefore  possess  an  aBtyinf^nt  action,  or  in 
large  quantities  act  as  irritants  and  corrosives.  The  sulphate  is  the 
soluble  salt  most  commonly  used  in  medicine,  but  the  chloride  has 
frequently  pven  rise  to  corrosive  poisoning,  and  is  therefore  of  greater 
importance  than  the  chloride  of  copper.  The  sulphate  is  mnch  less 
irritant  and  more  astringent  than  the  chloride,  which  is  used  only  as 
a  caustic^UiijlifiijifectaiiL 

Symptoms. — The  sulphate  of  zinc  has  a  harsh,  metallic  taste,  and  in 
small  doses  causes  nausea  and  vomiting,  in  larger  quantities  violent 
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vomiting  and  purging,  pain  in  the  abdomen  and  collapse;  these 
symptoms  are  due  to  the  local  action  on  the  stomach  and  intestine- 
The  insoluble  zinc  oxide  and  carbonate  are  less  liable  to  cauBe  acute 
irritation  than  the  sulphate,  hut  their  prolonged  ingestion  has  given 
rise  to  dyspepsia  and  constipation  or  diarrhcea  in  some  cases.  The 
continued  administration  of  zinc  salts  has  no  effects  in  man,  except 
those  of  disordered  digestion  and  constipation,  and  Lehmann  could 
detect  no  effects  in  the  dog  after  the  administration  of  156  G.  of  the 
carbonate  in  the  course  of  335  days,  although  a  considerable  amount 
of  the  metal  had  been  absorbed. 
I  In  workers  in  zinc,  a  curious  condition  known  as  brasaftmnders* 
1  9j0W  is  occasionally  met  with.  It  is  ushered  in  by  a  sense  of  ^^eral 
I  difiitfui^rt  and  weakness,  with  more  or  leas  pain  in  different  parts  of 
'  the  body ;  later  p^on^^-wgors  and  shivering  are  followed  by  a  rapid 
acceleration  of  the  pulae.  coug^jng-and  sorehess  of  the  chest  and  head- 
ache! These  symptoms  give  place  to  proluse  ^rapi ration,  and  the 
patient  sinks  into  a  sleep  from  which  he  awakes  in  ordinary  health. 
The  attacks  may  return  frequently,  and  seem  to  he  due  to  the  ^ninee 
ofzine  which  escape  in  the  process  of  casting.  A  number  of  obscure 
n^TOus  conditions  have  also  been  described  as  arising  from  zinc  in 
workmen  in  brass  factories  and  bronze  worfa,  but  they  seem  to  be 
extremely  rare,  and  it  is  questionable  whether  they  are  really  due  to 
the  zinc  or  to  its  impurities,  such  as  arsenic  and  lead. 

Action. — The  general  action  of  zinc  can  therefore  be  observed  only  when 
it  is  injected  Ir^tiiaxamiualy  or  hypodermically.  For  this  purpose,  the  doable 
salts  alone  can  be  used,  aa  the  ordinary  sfltlB  precipitate  the  proteins  of  the 
blood  when  injected  into  a  vein,  and  canse  acute  irritation  when  applied  sab- 
cutaneoualy.  In  the  frog,  zinc  is  found  to  cause  weakness  and  lessened  reflex 
excitability  and  the  heart  becomes  weak  and  inefficient,  irregular  and  slow, 
and  eventaaDy  ceases  in  diastole.  The  addon  seams  to  be  exercised  chiefly  on 
the  central  nervous  system  and  the  heart,  although  the  voluntary  moselea  ' 
respond  mare  weakly  to  the  electrie  current  in  life  and  lose  their  irritability 
entirely  soon  after  death. 

In  mammals,  the  intravenous  injection  of  sine  causes  vomiting  and  diar- 
rhcea, weakness,  tremor  and  paralysis  of  the  extremitieB;  and  tbe  stomach, 
intestine  and  heart  contain  small  heemorrliages.  The  blood-pressure  seems  to 
be  but  little  affected,  until  just  before  death,  bot  the  pulse  ia  slowed.  Helpap 
found  that  the  subcataneons  injection  of  zinc  salts  induced  congestion  and 
parenchymatous  inflammation  of  the  kidney. 

Zinc  seems  therefore  to  d^prpig^  the  central  nervous  system  and  to  a  less 

nrtpnt  fhp  hpn]^  n-^^  ynlmitBry  mncfflwi,    nun  Tn  ffni.aa  nflt«Hn»i    and  CongeStiOD 

ftf  tho  Ti^coiis  membrane  "^*'"  ^'^m""''  °^d TBtistuifl  imJ  luflaffimalfaa 
<tftlie  k^iiey.  'I'lui  fact  ILuf  VUguting  occnrs  from  the  intravenous  injection 
of  zinc  >(iita  might  seem  to  indicate  that  it  acts  directly  on  the  medullary 
centre  for  vomiting,  but  may  more  probably  be  explained  by  the  metal  induc- 
ing inflammation  in  the  stomach. 

Lehmann  found  that  of  tbe  zinc  absorbed  from  the  stomach  and  intestine, 
most  is  contained  in  tbe  liver  and  bile,  less  in  the  spleen,  kidney,  thyroid  and 
pancreas,  and  very  little  in  the  other  tissues.  Zinc  is  excreted  by  the  stomach 
and  intestinal  walls  and  in  much  smaller  amounts  in  the  bile  and  urine. 

Locke  found  zinc  to  possess  a  poisonous  action  on  the  tadpole  and  tubifez 
when  present  in  traces  in  tbe  water  in  which  they  lived,  but  this  effect  waa 
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weaker  Hfaan  that  of  copper.  'Sicliter  states  that  zinc  is  leas  poisOnons  to 
fungi  tbac  copper,  and  very  weak  solutions  seem  to  promote  their  growth. 
The  zinc  salts  seem  to  be  in  general  much  weaker  than  those  of  copper,  which 
the;  resemble  closely  in  other  respects. 

Pbepabationb. 

ZiNCi  SULPHAB  (U.  S.  P.,  B.  p.)  (ZnS0.  +  7H,0),  eolorless,  transparent,  -j- 

odorless  crystals,  with  a  harsh,  astringent,  metallic  taste,  soluble  in  water,  *w*^*^ 
not  in  alcohoL  0£-2  G.  (8-30  grs.),  as  emetic;  0.05-0.2  G.  (1-3  gra.),  in  .^""-2€> 
epilep^. 

Zt'ftct  Oonduffi  (U.  8.  P.,  B.  P.)  (ZnO),  an  amorphoas  white  powder  with- 
out odor  or  taste,  insoiuble  in  water.    0.1-0.6  G.  (2-5  grs.). 

Ztnci  Carbonaa  Pracipitatua  (U.  S.  P.),  Zinoi  Carbonas  (B.  P.),  a  prepa- 
ration vaijing  somewhat  in  composition,  but  always  containing  some  oxide, 
which  it  resembles  in  appearance  and  solubility.     0.1-O^Q.  (2-^  grs.).  — 

§MaijEyTOM  ZiMCi  QxEPi  (U.  S.  P.),  20  per  cent.    ^^O  ^j» 

iratrBNTUM  awci  (tJ.  A),  15  per  cent,  of  the  oxide.  ' 

Zinci  Stearas  (U.  S.  P.). 

Unguetttvm  Zinci  Stearatis  (U.  S.  P.),  50  per  cent. 

I7n^entum  Zind  Oleatia  (B.  P.). 

Zinci  Chiod4um  (U.  S.  P.,  B.  P.)  (Zna,),  a  whil«  powder,  or  porcelain. 
like  tna^in^ular  or  moulded  into  pencils,  odorless  and  stmnplg  cRTmHi*- 
very  deliquescent  and  soluble  in  water  and  alcohol. 

Liquor  Zind  CMoridi  (U.  S.  P.,  B.  P.),  50  per  cent.  U.  S.  P.,  75  per  cent. 
B.  P. 

Zind  Sulphoearboiaa  (B.  P.)t  Zind  PhenoUulphonM  (U.  S.  P.) 
(Zn(CA80.),-H8H,0),  colorless  crystals  with  an  astringent  taste,  soluble 
in  water  and  in  alcohol.  Used  externally  in  1  per  cent,  solution.  (See 
page  473.) 

Therapeutic  TJaea. — ^Zinc  sulphate  has  been  used  internally  as  an 
^pt.in.  but  not  so  widely  as  the  sulphate  of  copper,  although  it  ia 
equally  efficient.  The  sulphate,  the  oxide  and  the  carbonate  have  been 
advised  in  the  treatment  of  various  brain  diseases,  from  the  erroneous 
belief  that  zinc  is  a  sedative.     The  oxide  and  sulphate  are  seldom 

■ampToVfid  aa  astringpnta  i^i  Hinrrhn'fl. 

^xteraailjLtbe^zinc  preparations,  with  the  exception  of  the  chloride, 
are  used  as  astringents^  the  sulphate  being  applied  m  solution,  the 
oxide  and  carbonate  as  powders  or  as  omtmenta,  wtucti  most  preter  to 
the  oleate"  The  oxide  is  especially  uaetul  as  an  AppllCflHon  In  many 
skin  diseases.  Solutions  of  the  anlpTiato  urn  Tinft}  at,  ajj  ojro  yiha\\ 
(one-half  per  cent.')  and  as  an  inipct.inTi  iri  fmuftrrhfflfl  (1-  4  prr  nrnt.) 
In  tile  last  case  it  is  sometimes  formed  into  a  mixture  with  acetate  of 
lead,  the  sulphate  of  lead  which  results  being  credited  with  some 
astringent  action  and  not  being  washed  off  so  readily  from  the  diseased 
surface.  The  snlpbo-carbolate  is  also  used  as  a  urethral  injection, 
and  the  salicylate  and  the  sulpho-iodolate  of  zinc  have  also  been  intro- 
duced as  astringent  and  antiseptic  applications. 

The  chloride  of  zinc  differs  from  the  other  salts  in  being  a  powerful  caustic,! 
and  is  used  as  a  paste  or  in  pencil  form  to  destroy  malignant  growths,  or  ini 
chancres  and  gangrenous  sores.  It  produces  a  white  eschar  and  is  said  to  bel 
less  liable  to  spread  over  the  surface  than  potash,  but  penetrates  the  epidermis 
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vith  difDcnlty,  and  it  ia  therefore  advUable  to  destroy  this  with  potash  or  a 
blister  before  applying  the  caustic.  It  is  sometimea  mixed  with  floor  or  dried 
gypsun  and  water  to  a  paste  ( Canquoin's  paste),  when  a  less  active  caustic 
is  desired.  Its  use  is  much  more  restricted  at  the  present  time  than  formeriy. 
Burnett's  disinfecting  solution  (a  somewhat  stronger  solution  than  the  official 
liquor)  is  used  to  disinfect  fnces  and  urinals  and  the  liquor  of  the  phanna- 
copceia  may  be  employed  for  the  same  purpose.  It  has  frequently  given  rise 
to  severe  corrosive  poisoning  from  being  swallowed  accidentally  or  suicidally. 
The  acetate,  bromide,  iodide  and  valerianate  have  exactly  the  some  effect 
as  the  sulphate  and  are  quite  superfluous.  Poisoning  with  zinc  is  treated  Id 
\  the  same  way  as  that  witJi  copper. 
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TU    SELTEB. 

The  onjy  salt  of  silver  used  at  all  extensively  in  medicine  is  the 
fnilffttfl.  which  is  c^tstic,  i>stt;inypT<t  and  disinfectant.  Added  to  soln- 
^  tions  of  proteins,  it  forma  a  Heavy  precipitSle  Of^uminate,  vhich  is  i 

\  at  first  white  in  color,  but  turns  darker  in  the  light  as  the  silver  iB 
J  reduced,  and  which  is  soluble  in  the  presence  of  chlorides. 

Symptoms. — In  dilute  solution  silver  is  a  slight  irritant  to  the  skin, 
and  causes  redness  and  itching  only,  but  more  concentrated  soladons 
blister,  and  the  solid  nitrate  of  silver  causes  an  eschar,  which  is  at  first 
white,  but  later  turns  bladk  from  the  reduction  of  the  silver  in  light.  1 

On  the  mucous  membranes,  dilute  solutions  act  as  astringente,  but  con- 
centrated cause  irritation  and  corrosion.  The  caustic  action  of  silver 
does  not  extend  so  deeply  as  that  of  some  other  metals,  such  as  mer- 
cury, because  the  penetration  of  the  metal  is  limited  by  the  membrane 
of  silver  albuminate  formed.  On  the  other  hand,  the  silver  salts  are 
more  irritant  than  those  of  lead. 

The  astringent  action  is  to  be  attributed  not  to  any  action  on  the 
\  vessels,  but  to  the  formation  of  a  protective  layer  of  coagulated  albu- 
Lmin.     If  irritation  is  induced  the  vessels  are  dilated,  and  there  is  no 
^evidence  that  they  are  ever  contracted  in  the  practical  use  of  silver. 
In  acute  silver  poisoning  from  the  ingestion  of  silver  nitrate,  the 
eymptoms  are  those  of  severe  gastro-intestinal  irritation  and  corrosion. 
Burning  pain  is  felt  in  the  throat  and  stomach,  and  is  followed  by 
nausea  and  vomiting  and  often  by  purging.     The  mouth  is  covered 
with  a  grayish-white  membrane,  which  turns  darker  after  a  time,  but 
this  is  absent  if  the  poison  be  swallowed  in  the  solid  form,  as  has  hap- 
pened sometimes.     The  corrosion  of  the  stomach  and  intestine  caasea 
collapse,  with  weak  pulse,  shallow  respiration  and  pinched  features  and 
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"•.(UnS.  VKh^-tBfa  MxntiJ   lcl^«lo*l»;^*  Jti.  «  tu,uail  fcWVonij^ 
\  8ILVBB.  tAiT^A.  .      1    '^^ 

this  maj  be  followed  by  coma,  coDTuIsionB  and  death.     The  throat,  '^^^•fu^^ 
stomach  and  inteetine  preaeiited  the  ordinary  appearances  of  acute 
corrosive  poisoning  in  one  case  in  which  an  autopsy  was  performed. 

Action. — The  Eiymptoms  of  acute  poisoaing  are  dne  to  the  loeal  action, 
and  present  no  features  suggesting  that  silver  is  absorbed  and  causes  general 
poisoning.     The  action  of  silver  after  absorption  has,  however,  been  investi- 
gated in  animals  poisoned  by  subcutaneous  or  intravenous  injection.     The 
nitrate,  owing  to  its  coagulating  properties,  is  unsuitable  for  this  purpose, 
and  the  hyposulphite  of  sodium  and  silver,  or  a  solution  of  the  albuminate 
has  therefore  been  used.    In  msjnmals  the  p^ntrnl  nrn'Tue  nyfitnm  is  the  i 
chief  seat  of  action,  espcciallv  the  medulla^  oblongata,  which  seems  to  ha  I 
ttiffiulatcd  at  first,  for  the  blood-prpgavrs  ""^  and  the  pulse  is  somewll^t  I 
aiow,  owin^  10  intrra'ased  activity  of  the  vasomotor  and  vagus  centres.     Later  ' 
the  blood-pressure  falls  ^d  the  rftHpimtinn  hftctimfts  slow  and  labored,"~(ind 

ppflnhmlly   i-pbhph  trnm   pamlyj^B   i^' ftjip   fi-ntro       linpthp^-ng   aggPTtB    Hint   the 

diaphragm,  and  eventually  the  other  striated  muscles  are  paralyzed  soon  after- 
wards. The  heart  is  comparatively  little  affected  and  often  continues  to  beat 
some  time  after  the  respiration  has  stopped.  In  less  acute  poisoning,  when 
the  animal  survives  the  injection  for  several  hours  or  days,  a  marked  ii 


in  the  bronchial  sgtxatigp,  culminating  in  cBdema  of  the  lungs,  hss  been  noted; 
no  satisfactory  eiplanation  of  this  has  been  advanced,  but  it  does  not  seem 
due  to  cardiac  inefticieQCy  and  occura  also  wheu  the  excised  lung  is  perfused 
with  blood  containing  silver.  Congestion  and  ecchymoses  are  found  in  the 
stomach  and  intestine,  and  some  authors  mention  ulceration  of  these  mucous 
membranes.  Cohnstein  found  that  small  quantities  of  silver  salts  injected 
intravenously  cause  some  increase  in  the  urine  for  a  time,  hut  that  larger 
quantities  are  followed  by  albuminuria. 

In  cold-blooded  animals  and  in  invertebrates,  sUver  preparations  are  said 
to  cause  violent  convulsions,  resembling  those  of  strychnine  and  followed  by 
general  paralysis. 

The,  general  action  of  silver  is  Uni«  itppaH>iit.ly  HirnpttrA  flrtrt  of  nH  ap^jmrt:  t 
the^jjjeflBlU-Qblongata,  tiie  rest  of  the  centrat  nervous  system  being  aflFected  I 
to  a  less  extent.  The  mucous  membrane  of  the  stomach  and  intestine  isl 
acted  on,  as  by  most  heavy  metals,  and  the  kidney  is  also  liable  to  irritation.|| 
(Edema  of  the  lungs  occurs  frequently. 

Olironie  Poiaonlng. — There  is  no  evidence  that  in  acute  poisoning  in 
man  any  considerable  amount  of  the  metal  is  absorbed  from  the 
stomach  and  intestine.  When  silver  is  given  for  prolonged  periods, 
however,  some  is  absorbed,  although  probably  only  a  minute  fraction 
of  that  actually  swallowed.  In  the  stomach  small  quantities  of  soluble 
silver  salts  are  probably  changed  to  the  chloride  end  albuminate,  but 
the  form  in  which  the  metal  is  absorbed  has  proved  a  subject  of  dis- 
pute. It  seems  to  be  taken  up  in  solution,  for  none  of  it  is  found  in 
the  epithelium  of  the  stomach  and  intestine,  and  some  of  it  may  circu- 
late in  the  blood  in  a  soluble  form  for  a  short  time.  But  the  greater 
proportion  is  very  soon  thrown  down  in  the  form  of  minute  granules, 
which  were  formerly  believed  to  be  metallic  silver,  but  which  have 
more  recently  been  said  to  be  one  of  its  organic  compounds.  The 
formation  of  this  pigment  is  quite  different  from  the  reduction  of 
silver  in  sunlight,  for  it  occurs  in  complete  darkness.  The  change 
apparently  takes  place  in  the  cells,  especially  in  the  leucocytes,  but 
the  granules  are  afterwards  extruded  into  the  surrounding  fluid. 
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They  are  found  in  the  cODDective  tissues  of  the  body  chiefly,  and  when 
present  in  qnantity,  give  a  dart  color  to  the  bHd  and  mueoos  mem- 
branes. This  pigmentation  (Argyria)  was  much  commoner  formerly 
than  at  the  present  time,  but  several  cases  have  been  described  quite 
recently.  The  chief  source  of  chrome  silver  poisoning  or  ai^rja 
was  formerly  the  treatment  of  epilepsy  with  the  nitrate.  More 
recently  it  has  occurred  in  the  makers  of  artiflcial  pearls,  who  use 
silver  as  a  pigment. 

Local  argjnria  is  sometimes  met  with  from  the  prolonged  applica- 
tion of  silver  nitrate  to  the  eye  or  throat,  when  it  tints  the  eyelids  and 
mouth,  and  from  working  with  silver,  when  the  hands  are  perma- 
nently blackened  from  the  granules  being  forced  into  the  skin. 

The  deposit  of  the  silver  in  the  skin  gives  it  a  darker  color,  varying 
from  light  gray  in  mild  cases  to  a  darker  slate  shade  after  more  pro- 
longed use.  It  is  generally  distributed  all  over  the  body,  but  in 
some  cases  has  been  especially  marked  in  the  face,  and  it  is  said  to 
b^u  in  the  gums,  where  it  causes  a  dark,  slate^olored  line  somewhat 
resembling  the  lead  line.  In  the  skin  it  is  found  in  the  corium,  not 
in  the  epidermis.  The  deposit  and  the  dark  color  extend  throughout 
the  alimentary  canal  and  the  respiratory  passages,  the  granules  occur- 
ring in  the  connective  tissue,  particularly  in  the  intestinal  villi,  and 
.  not  in  the  epithelium.  The  g^omeruj^i  of  the  kidneys,  the  connective 
apT i-ini"Mmrf)]'H  nlftTiia   the  tuni^!!SHma 
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Jnf  ^]ift  nnrtfl^  f  hnRPffms  membranes,  and  the  mes^qteric  lymjiLgands 
contain  more  of  the  deposilTtian  other  organs.  The  pignientation  ia 
not  accompanied  by  any  other  symptoms  of  importance,  and  the 
victims  live  to  old  age  without  suffering  from  the  chronic  poisoning  in 
any  way,  except  from  the  annoyance  induced  by  the  change  in  color. 

Argyria  is  quite  incurable,  although  many  attempts  have  been 
made  to  remove  it.  Iodide  has  been  tried,  for  the  most  part  without 
effect,  and  blistering  is  equally  valueless,  as  the  pigment  lies  deeper 
than  the  epidermis.  The  only  known  solvent  of  the  granules  is 
cyanide  of  potassium,  and  of  course  this  is  inadmissible,  owing  to  its 
powerful  poisonous  action. 

Argyria  has  been  induced  in  animals  by  prolonged  treatment  vnth 
small  doses  of  silver  salts,  though  the  pigment  is  not  found  in  the 
skin  in  them,  but  in  the  duodenal  mucous  membrane  and  the  mesen- 
tery attached  to  it,  the  mesenteric  lymph  glands,  the  spleen  and  liver. 
A  still  more  limited  area  of  argyria  has  been  caused  in  animals 
recently  by  administering  for  a  few  weeks  the  glycyrrhizinate  of 
silver.  It  is  not  unlikely  that  more  prolonged  administration  would 
lead  to  other  organs,  and  perhaps  the  skin,  being  involved.  A  deposit 
of  silver  pigment  has  also  been  induced  in  animals  by  a  single  injec- 
tion of  a  non-irritant  preparation  into  a  vein,  or  into  the  subcutaneous 
tissue.  Here  the  silver  is  found  at  first  in  the  liver  capillaries,  the 
glomeruli  of  the  kidney,  the  intestine  and  the  bone  marrow,  but  is 
afterwards  taken  up  by  the  leucocytes,  and  carried  to  all  the  organs 
of  the  body. 
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In  man  it  aeeme  likely  that  most  of  the  silver  passes  through  the 
-  alimentary  canal  unabsorbed  and  that  the  small  proportion  taken  up 

:^  by  the  tissues  is  precipitated  and  remains  embedded  in  them  indefi- 

nitely,  for  the  pigmentation  retaains  unchanging  in  its  depth,  and 
:'  there  is  therefore  no  reason  to  suppose  that  any  of  the  silver  is 

:  eliminated. 

In  animals,  however,  some  of  the  silver  injected  hypodermically  or 
intravenously  is  excreted  by  the  epithelium  of  the  alimentary  canal. 
None  appears  in  the  urine.  In  the  frog  silver  injected  hypoder- 
mically is  all  excreted  by  the  epithelium  of  the  tongue,  is  sw^lowed, 
and  passes  out  in  the  faeces.  Ifo  other  poison  is  known  to  he  elimi- 
nated by  this  channel. 

Silver  nitrate  is  a  powerful  antiseptic,  partly  from  its  action  int 
coagulating  the  proteins  of  the  microoi^nisms,  partly  from  the  spe-l 
cific  effects  of  the  metal,  as  is  shown  by  the  fact  that  the  albuminate' 
of  silver  is  also  an  active  disinfectant. 

Argenti  NUraa  (U.  S.  P.,  B.  P.)  (AgNO,),  colorless  crystals  which  become 
gray  or  grayish-black  on  exposure  to  light  in  the  presence  of  organic  matter,     -  •  ^g-)  ^ 
with  a  bitter,  caustic,  strongly  metallic  taste,  very  soluble  in  water,  less  so   ■'^ 
in  alcohol.     0.01-0.03  Q.  (\-\  gr.)  in  pills  made  up  with  kaolin. 

Ahobmti  Nttrab  Fjwvs  (U.  S.  P.),  moulded  nitrat«  of  silver,  limftceaastic  {iw*aLMu4 
— a'Wms;  h£M  Boiiif  eencMlly  east  in  the  form  of  pencils.  ' 

AsoENTi  Nftbas  Indukatds  (B.  p.),  tongheaed  caustic,  a  silver  nitrate 
fused  with  5  per  cent,  of  nitrate  of  potassium. 

Argenti  Nitraa  Mitigatua  (B.  P.,  U.  S.  P.),  mitigated  caustic,  consists  of 
one  part  of  nitrate  of  silver  and  two  parts  of  nitrate  of  potassium  fused  into 
rods  like  lunar  caustic. 

The  silver  preparations  ought  to  he  kept  in  dark  amber-colored  bottles,  in  ■ 
order  to  prevent  their  being  reduced  by  light,  and  oi^ht  not  to  be  prescribed  | 
with  organic  matter,  which  rapidly  rednces  them. 

Therapnttic  Usea.  ^Silver  nitrate  pills  have  been  recommended  in 
some  forms  of  dyspepsia  and  vomiting,  and  in  gastric  ulcer,  and  have 
also  been  used  as  astringents  in  diarrhosa,  but  generally  with  little 
benefit.  A  very  ancient  use  of  silver  oxide  and  more  recently  of  the 
nitrate,  is  that  in  the  treatment  of  epilepsy,  chorea,  tabes  and  various 
other  nervous  diseases.  This  dates  from  the  Arabs,  and  is  said  to 
have  originated  from  the  astrological  medicine  of  that  period,  which 
taught  that  nervous  diseases  were  especially  affected  by  the  phases  of 
the  moon,  which  was  associated  with  silver  in  their  system  (hence, 
lunar  caustic,  lunacy) .  Clinical  experience  shows  that  silver  is  of  no 
benefit  in  epilepsy,  and,  in  fact,  it  is  improbable  that  silver  reaches 
(he  central  nervous  Byatem  in  any  other  form  than  inert  granules. 
This  use  of  silver  very  often  gave  rise  to  argyria  without  benefiting 
the  patient,  about  15-30  G.  proving  sufficient  to  cause  marked 
pigmentation. 

Externally  silver  nitrate  is  employed  very  extensively,  the  sticks  of 
lunar  caustic  being  used  to  destroy  warts  and  other  smalt  skin  growths, 
to  arrest  capillary  hEemorrhage,  to  destroy  the  false  membranes  of 
diphtheria  and  for  other  similar  purposes.     Where  a  milder  caustic 
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19  required  the  mitigated  caustic  is  used  instead  of  ordinary  lunar 
caustic.     A  solution  of  2-5  per  cent,  may  also  l>e  applied  to  cauterize 
chancres  and  indolent  ulcers,  and  one  of  1-2  per  cent,  may  be  painted 
on  mucous  membranes  as  an  irritant  disinfectant.    A  solution  of  com- 
mon salt  is  then  used  to  wash  the  part,  in  order  to  remove  the  excesa 
I  of  silver.     In  ophthalmia,  especially  of  the  infections  form,  a  soln- 
I  tion  of  1-2  per  cent,  is  extremely  valnable,  and,  in  fact,  a  routine 
I  treatment  in  some  lying-in  hospitals  is  to  wash  the  eyes  of  the  infant 
I  with  this  solution  immediately  after  birth  as  a  prophylactic  measure 
r  to  prevent  ophthalmia.     A  solution  of  this  strength  is  only  to  be  used 
j  by  the  surgeon  himself,  and  the  eye  should  be  washed  out  with  a  salt 
I  solution  at  once.     A  more  dilute  solution  (one  fourth  to  one  half  per 
cent.)  may  be  used  as  a  lotion  for  the  eye  more  frequently,  may  be 
applied  to  extensive  denuded  surfaces,  as  burns,  and  is  often  thrown 
into  the  rectum  in  chronic  dysentery.     In  gonorrhcea,  the  nitrate  of 

)  silver,  1  part  in  500-2,000  of  water,  is  used  as  an  injection,  and  is 
found  to  have  great  value,  destroying  the  gonococci  and  promoting 
healing.  Very  much  stronger  solutions  (up  to  5  per  cent.)  have  been 
used  to  abort  the  disease  in  its  onset,  but  cause  great  pain. 

Pbepabations. 
The  precipitation  of  silver  nitrate  by  protons  and  chlorides  confines  its 
disinfectant  action  to  narrower  limits  than  those  of  some  other  bactericides, 
and  this  has  led  to  the  introduction  of  a  number  of  other  compounds,  which 
are  less  easily  dissociated  and  according!;  lees  liable  to  be  tbrown  out  of  solu- 
tioD.  Thus  argentamine,  a  10  per  cent,  solution  of  silver  phosphate  in  10  per 
cent,  ethylen  diamine  solution,  has  been  used,  in  gonorrhoaa  diluted  to  1 :1,000- 
^,000,  in  the  eye  in  5  per  cent,  solution.  It  penetrates  better  than  silver 
nitrate,  but  the  alkaline  diamine  reudera  it  somewhat  irritating.  Another 
recent  product  is  argonin,  which  is  a  combination  of  casein  and  silver,  is 
soluble  in  water,  and,  like  ai^^tamine,  is  not  precipitated  by  chlorides  nor 
by  albumin;  it  is  a  somewhat  weaker  disinfectant  than  the  nitrate  and  ai^gen- 
tamine.  The  lactate  of  silver,  actol,  and  the  citrate,  itrol,  have  also  been  used 
as  disinfectants.  Actol  is  soluble  in  water  and  resembles  the  nitrate  in  coagQ' 
lating  proteids,  while  itrol,  on  the  other  hand,  is  practically  insoluble  (1  to 
3,800  water).  The  former  is  used  in  solution  {\  per  cent.},  the  latter  as  a 
disinfecting  powder  in  wounds.  Actol  and  argonin  have  been  shown  to  have 
very  considerable  disinfectant  power  in  test-tube  cultures,  aod  actol  lessens  the 
putrefaction  in  the  bowel  and  constipates  to  some  extent,  but  argonin  has  no 
effect  on  the  intestinal  microbes.  Protargol,  largitt,  argyrol  and  many  other 
compounds  of  silver  have  been  introduced,  but  the  best  known  in  the  last  few 
years  has  been  Credo's  colloid  silver  (Collargol),  which  is  metallic  silver  in 
eoUoid  form,  which  may  be  suspended  in  water  (4  per  cent.)  or  in  ointment 
(10-15  per  cent.).  This  has  been  advertised  as  a  bactericide  in  the  most 
diverse  conditions,  and  has  been  injected  hypodermically,  and  even  intrave- 
nously, to  destroy  microbes  in  the  tissues.  Bnt  it  has  no  disinfectant  action, 
and  in  fact  is  a  very  inert  body,  which  is  devoid  of  any  therapeutic  proper- 

ities.  It  may  be  added  that  none  of  these  newer  preparations  are  superior  to 
the  nitrate  in  efficiency  as  disinfectants,  and  those  that  are  less  irritant  are 
also  less  reliable. 

Silver  preparations  ought  not  to  be  used  for  long  periods,  as  argyria  luu 
been  induced  in  three  months  and  after  the  use  of  15-^  Q.  ((-1  oa.)  of  Hie 
nitrate. 
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In  easea  of  poisoning  vith  sjlver  nitrate,  fggs,  milk  and,  above  all,  commoni 
salt  solution  are  indicated  to  form  insoluble  compounds.  In  argyria  nol 
improvement  can  be  expected,  though  tiie  iodide  of  potassium  may  be  tried.     ■ 
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vm    BimUTE. 

The  insoluble  salts  of  bismuth,  in  espedal  the  ■m>'"itrnfo  i^ave  long 
enjoyed  a  reputation  in  the  treatment  of  gastric  and  intestinal  imta- 
tioD,  and  have  more  recently  been  advisea  m  surgery  as  applications 
to  granulating  wounds. 

Symptomo. — Taken  in  therapeutic  doses,  the  subnitrate  induces  no 
marked  symptoms,  even  after  prolonged  use.  It  has  little  or  no  taste, 
and  passes  through  the  stomach  and  intestine  for  the  most  part  unab- 
sorbed.  It  is  said  to  increase  the  peristalsis  of  the  stomach  and  the 
secretion  of  mucus,  but  it  may  be  questioned  whether  it  has  more  effect 
here  than  any  other  heavy  powder.  In  the  intestine  it  is  said  to  have 
some  effect  in  increasing  the  leucocytes  of  the  blood,  and  often  causes 
some  constipation.  It  gives  the  stools  a  black  color,  which  is  gener-\ 
ally  believed  to  be  due  to  the  formation  of  the  sulphide  of  bismuth,! 
but  which  Quincke  ascribes  to  the  reduction  of  the  subnitrate  in  the! 
intestine. 

Very  little  of  the  bismuth  Bwallowed  is  absorbed,  but  several  author- 
ities have  found  traces  in  the  urine  of  patients  treated  with  it  inter- 
nally, so  that  some  evidently  passes  into  the  blood  under  certain 
unknown  conditions.  Enormous  quantities  have  been  administered 
internally  without  any  symptoms  of  poisoning  being  elicited,  but  in 
one  or  two  cases  some  stomatitis  has  been  remarked,  while  in  other 
instances  large  concretions  of  bismuth  have  been  found  in  the  stomach 
and  bowel.*  Some  of  the  older  writers  describe  serious  poisoning 
from  bismuth,  but  this  was  not  due  to  the  drug  itself,  but  to  the  lead, 
arsenic,  or  antimony  with  which  it  was  contaminated.'     Since  its  use 

'  Large  qnaDtities  of  biamntb  sabnitrate  have  been  given  ty  the  month  or  . 
lectmn  in  Bontgen-Tay  examination  of  the  stomach  and  bmrel,  and  in  b.  few  cases  / 
fatal  poisoning  baa  oecnrred  from  nitrite*  beinf  formed  from  the  nitrate  and  I 
leading  to  the  formation  of  methnmoglobin  in  the  blood  cells.  ' 

*A  lymptom  formerly  noted  in  eases  treated  with  bismntb  was  an  ertrsmely 
diaogreeable  odor  in  the  breath,  bat  this  baa  been  shown  to  be  dae  to  the  presence 
of  tellniinm  in  the  preparation. 
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waa  extended  to  wojjjuigd^BUjfpccB,  seTeral  cases  of  serious  Jntonca- 
tion  have  occurred.  The  symptoms  are  salivatTon,  swelUng  of  the 
gams,  tongue  and  throat,  pain  and  difficultj  in  swallowing,  black  spots 

(in  the  month  and  throat,  and  gangrene  of  the  soft  palate  and  other 
parts  of  the  mucous  membrane  of  tbe  mouth.  Vomiting,  diarrhoea 
and  albuminuria  follow,  but  the  patients  generally  recover  when  the 
dressing  is  removed  from  the  wound.  In  these  cases  much  less  bis- 
muth is  applied  than  is  often  prescribed  for  internal  use,  so  that  it 
would  appear  that  it  is  absorbed  more  rapidly  from  granulating  sur- 
faces than  from  the  mucous  membranes,  or  that  what  is  absorbed  from 
the  stomach  and  intestine  is  prevented  by  tbe  liver  from  reaching  the 
general  circulation. 

Action. — The  ^neral  action  of  bismuth  has  been  studied  in  animals  b;  the 
subcutaneous  or  iutravenous  injection  of  the  double  salts,  such  as  the  tartrate 
of  bismuth  and  sodium.  In  frogs  the  symptoms  are  those  of  stimulstton  at 
the  spinal  eord  and  medulla  oblongata,  followed  by  dopreasion  and  paralysis. 
The  stimulation  induces  tonic  convulsions,  which  are  separated  by  periods  in 
which  the  frog'  is  at  first  apparently  normal,  but  in  which  symptoms  of  depres- 
uon  and  parslyaiB  appear  later.  The  peripheral  nerves  and  musclea  and  the 
heart  are  little  affected. 

In  mammals  also  large  doses  act  chiefly  on  the  central  nervous  system.  The 
respiration  is  accelerated,  the  heart  slowed  and  violent  clonic  and  tonic  con- 
vulsions follow  at  short  intervals,  during  which  the  movements  are  weak  and 
ineoordinated.  Toward  the  fatal  issue  of  the  injection  the  heart  often  cesses 
entirely  for  some  time  and  then  regains  its  farmer  rhythm  quite  suddenly. 
The  blood-pressure  falls,  partly  owing  to  the  weakness  of  the  heart,  partly 
from  depression  of  the  vasomotor  centre.  In  some  animals  the  respiration 
ceases  before  the  heart;  in  others  the  sequence  is  reversed.  The  jiegrt  scemg 
to  be  a£Cg^eddJ£G2{ly,  for  division  or  puUysis  of  the  vsgns  nerv^does  not 
alter  the  effects. 

Smaller  quantities  injected  intravenously  or  snbcutaneously  into  mammals 
induce  a  more  chronic  form  of  intoxication,  which  resembles  that  seen  in  man. 
Tbe  earliest  symptoms  are  loss  of  appetite,  vomiting  and  diarrhina,  salivation 
and  stomatitis  with  ulceration  of  the  gums,  tongue  and  buccal  mucous  mem- 
brane. Weakness,  slowness  and  incoordination  of  the  movements  follow,  and 
except  in  very  few  chronic  cases,  tetanic  convnlsions  occur  at  intervals.  The 
urine  contains  albumin  and  easts.  The  weakness  gradually  deepens  into  com- 
plete paralysis  and  the  animal  dies,  generally  without  convulsions.  The  heart 
seems  little  affected  in  the  chronic  intoxication,  but  the  blood-pressure  is  low 
£rom  the  intestinal  irritation  and  general  collapse. 

Besides  the  stomatitis  and  ulceration  of  the  mouth,  the  post-mortem  appeaf 
ances  in  chronic  bismuth  poisoning  in  animals  consist  in  some  congestion, 
inflammation  and  necrosis  in  the  kidney,  and  an  intense  black  coloration  of 
the  ccecum  and  the  upper  part  of  the  lai^  intestine.  This  pigmentation  is 
limited  very  exactly  by  tbe  ileociecal  valve,  and  extends  throughout  the  thick- 
ness of  the  bowel  wall.  The  mucous  membrane  may  also  be  necrosed  in  places 
and  ulcers  and  hsmorrhages  are  met  with  in  it.  The  black  coloration  is  due 
to  a  deposit  of  biam^ith  [tTjlphide  on  the  mucous  membrane  and  in  the  capillary 
vessels  and  lymph'^paces,  "TTeyer  and  Steinfeld  found  that  bismuth  is  excreted 

I  all  along  the  sJimentary  can^,  but  in  larger  quantities  in  the  eiscnm  and 
lai^  intestine  than  elsewhere,  and  they  ascribe  the  ulceration  to  the  precipi- 
tation of  tbe  sulphide  in  tbe  vessels  and  the  consequent  arrest  of  the  blood 
onrrent.  When  sulphide  solution  was  artiflcially  introduced  into  the  stomach 
and  small  intestine,  bismuth  caused  necrosis  and  ulceration  here  also,  so  that 
there  is  considerable  support  for  this  view. 
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They  fonnd  bismutli  to  be  stored  in  considerable  qoanti^  in  tbe  liver  and 
to  be  excreted  by  the  urine,  stomach  and  intestine,  bnt  eepeciall;  by  the  ccecnm 
and  large  bowel.  It  has  been  found  in  tbe  saliva  by  other  observers,  and 
perhaps  in  traces  in  the  milk,  although  the  last  is  not  satiafactorily  established. 

The  action  of  bismuth  in  acute  poisoning  in  animal  experiments  seems  |\ 
therefore  to  be  exerted  on  the  medulla  and  spinal  cord,  to  a  lees  extent  on  the  I  1 
heart,  white  in  chronic  intoxication  the  oi^ans  affected  are  those  by  which  it  * 
is  excreted — the  mouth,  kidney,  large  intestine  and  c»oum. 
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Pbepakatiobb. 

'^la"'^'  SpBMinus  (U.  S.  P.,  B.  P.),  white  bismuth,  Magisterinm  Bia- 
muthi,  bismuth  oxyi j b-p.t:a,  aJieaw  yh'*"  r"Tl1liri  odorless.and  almost  taste- 
less, insolubttr  in  water  or  aleonol  bi5^  soluble  in  nitric  or  hydrochloric  acid.  Q_n_  -^ 
It  conSlBtB  vC  H  111111111%  of  the  hydrate  atld  Hlibuitrate  of  biamuth  in  varying 

oportions.    0.3-2  G.  (5-30  gra.),  jjupogder  or  suspend edjn-»rter. 

Biimuthi  iSubcarbonos  (U.  S.  P.),  Biamutht~Varbonas  (b7  P.),  biamuth 
oxycarbonate,  a  white  or  pale  yellowish-white  powder,  varying  in  composition, 
odorless,  tastless,  insoluble  in  water  or  alcohoL  0.3-^  Q.  (&-^  gra.)  in 
powder. 

Troehiicue  Biemutki  Comporitus  [B.  P.) ;  each  contains  2  grs.  of  bismuth 
oxycarbonate  along  with  the  carbonates  of  magnesia  and  of  lime. 

Biamuthi  Salicyhu  (B.  P.),  Biamtdhi  Subsalicylaa-  (U.  S.  P.)  the  salicylate 
or  oxysalieylate  of  bismuth,  is  a  whito,  amorphous  powder,  insoluble  in  water. 
0.25  G.  {4  grs.). 

Biamiahi  Citras  (U.  8.  P.)  (BiCrH,0,),  a  white  powder,  odorless,  taste- 
less, insoluble  in  water  or  alcohol,  used  only  to  form 

Biamuthi  et  Animonii  Cttrai  (U.  S.  P.),  small,  shining,  translucent  scales, 
odorless,  but  with  a  slightly  acidulous  and  metallic  taste,  and  becoming  opaque 
on  exposure  to  the  air,  very  soluble  in  water,  less  so  in  alcohol.  0.12  Q. 
(2gn..}. 

/  Liquor  Biamuthi  et  Ammonii  Citr^ia  (B.  P.)  contains  the  equivalent  of  5 
ler  cent,  of  bismuth  oxide,     i-1  fl.  dr. 


/ 


biamuthi  St^gaUas  (Ti.  S.  P.),  0.25  Q.  (4  grs.),  forms  a  white  or  nearly 
lite' powder,  insoluble  in  watcr^  tasteless  and  odorlesei  " 


Therapeutic  Uses. — Bismuth  has  lieen  used  chiefly  in  gastric  catarrh 
and  ulcer,  aud  has  often  been  looked  upon  as  a  epeciflc  in  the  last 
affection,  though  it  acta  simply  as  a  protective  powder  with  perhaps 
some  astringent  properties.  It  has  been  found  that  when  swallowed 
it  is  at  flrst  deposited  in  the  most  dependent  part  of  the  stomach,  but 
is  later  distributed  evenly  over  the  surface  and  forms  a  continuous 
sheet  over  any  ulceration,  which  it  thus  protects  from  mechanical 
injury  from  the  food,  and  aleo  from  the  chemical  action  of  the  gastric 
juice.  The  subnitrate  is  the  only  one  of  tho  official  preparations 
largely  used  for  this  purpose,  and  is  generally  administered  in  quan- 
tities of  2-3  G.  (30-^5  grs.)  per  day  in  powder.  Recently  the  use 
of  much  larger  quantities  (10-15  G.,  160-260  grs.,  per  day)  has 
been  recommended.  Bismuth  has  also  been  used  in  diarrhcea  for  its 
astringent  and  protective  action  on  the  intestine,  which  is  again  due 
to  its  being  deposited  on  the  mucous  membrane  and  acting  as  a 
mechanical  coating  over  irritated  surfaces. 

Tbe  subnitrate  has  been  advised  in  surgery  as  an  antiseptic,  astrin- 
gent powder  to  replace  iodoform.     It  is  true  that  it  is  devoid  of  the 
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disagreeable  odor  of  the  latter,  but  it  is  not  a  harmless  remedy,  as  was 
at  first  supposed,  for  several  cases  of  bismuth  poisoBing  have  been 
recorded  from  its  surgical  use.  Like  iodoform,  its  value  depends  not 
GO  much  on  its  germicidal  action  as  on  its  absorption  of  the  fluids  of 
the  wound,  which  renders  the  surface  less  suitable  for  the  growth  of 
bacteria.  The  therapeutic  uses  of  the  bismuth  preparations  then  are 
largely  due  to  their  insolubility.  The  subnitrate  is  generally  used, 
the  carbonate  less  frequently,  while  the  soluble  double  citrate  is  quite 
superfluous- 
Several  new  compoands  of  bismuth  have  been  iotrodaced  in  therapeutics 
of  late  years,  chiefly  with  the  inteotion  of  combining  the  astringent  prop- 
erties of  bismuth  with  the  antiseptic  action  of  benzol  preparations.  Among 
these  may  be  mentioned  the  salieylate  and  benzoate,  which  have  been  used  as 
intestinal  antiseptics  and  astringents.  Others  are  airol  (bismuth  oxyiodide 
gallate),  thioform  (bismuth  dithio-salicylate) ,  bismuth  phenolate,  creaolate, 
orphol  (^-naphtolate),  xeroform  (tribromphenolate),  tanttate,  atdphocar- 
bolate,  dermol  (chrysophenate) ,  eudoxin  (tetraiodophenolphtaleinate).  Theee 
have  been  nsed  chiefly  as  cutan^ios  applications  in  various  forms  of  skin 
disease,  in  which  an  astringent  and  protective  powder  is  indicated,  in  bums 
and  ulcere,  in  some  ophthalmic  conditions  and  as  dusting  powders  after 
operations. 
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ZX.    ALTTMISnnt  AJIP  AL1 

The  chief  pharmacopceial  preparation  of  aluminium  is  thp  Bulpbaii* 
of  aluminium  an^j  jmtflBiii^pi^  nr  bIhtii^  toIu'pIi  has  been  largely  used 
for  its  astnngent^j^perties.  Alum  solutions  precipitate  albT^nja, 
but  the  precipitate  is  solublp.  in  yirppsn  of  the_protmn.  Itisnottaown 
whether  an  albuminate  la  formed  similar  to  those  oi  ^e  heavy  metals, 
though  it  seems  probable  that  this  is  the'  case.  Dilute  solutions  of 
alum  have  an  astringent  effect  from  their  throwing  down  a  layer  of 
precipitated  protein  on  the  surface  of  the  mucous  membranes  or  on 
y""^'"^  Riirfnrp°j  but  larger  quantities  andTfiwe  concenTrated  solu- 
nons  act  aa  irritants.  This  is  more  especially  the  case  when  dried 
alnm  is  applied,  Tor,  in  addition  to  its  coagulating  effect  on  the  pro- 
teins, this  preparation  has  a  great ^siidi^-ior-water. 

Symptoms. — Alum  solutions  have  a  -ir^nt'tVi  n'tTJnfTnTrt.tfirtri  and 
in  small  quantities  induce  no  symptoms  except  a  feeling  of  dryness 
and  astringency  of  the  mouth  and  throat,  and  some  constipation. 
Larger  doses  act  as  gastric  irritants  and  cause  nausea  and  vomiting, 
and,  in  extreme  cases,  purging.  Even  the  largest  quantities,  however, 
are  followed  by  no  symptoms  except  those  of  gastro-intestinal  irrita- 
tion and  inflammation,  and  the  long-continued  use  of  alum  does  not 
elicit  any  symptoms  of  chronic  poisoning.     The  aluminium  salts  are 
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not  absorbed  in  any  quantity  from  the  Btoinacli  and  intestine,  bo  that 
no  Bymptoms  of  general  poisoning  ariBe  from  the  internal  use  of  the 
salt  Almninium  veeeels  may  he  used  for  cooking,  or  even  to  contain! 
acids,  without  danger  of  intoxication,  as  has  been  shown  by  a  recent' 
series  of  investigations. 

Aluminium  salts,  especially  the  acetate,  chloride  and  some  more  > 
recent  preparations,  have  very  considerable  antiseptic  power,  much  I 
more  than  some  of  the  more  generally  used  antiseptics,  such  as  boric  | 
acid. 

Action. — Aluminium  bas  a  very  remarkabk  general  action  when  it  obtains 
access  to  the  blood.  In  Siem's  experiments  on  animals,  the  Bodinm-aliuiiiuilun 
lactate  or  tartrate  induced  a  very  slow  intoxication,  mammals  never  dying 
from  the  effects  sooner  than  one  or  two  weeks  after  ihe  intravenous  injection 
of  the  salts.  In  frogs  the  symptoms  were  those  of  a  descending  paralysis  of 
the  central  nervous  system,  the  heart  and  the  peripheral  nerves  and  mnecles 
being  Ettle  affected.  Id  mammals  the  first  symptoms  appeared  only  afterf 
three  to  five  days,  and  consisted  in  constipation,  rapid  loss  of  weight,  weak-  1 
ness,  torpor  and  vomiting;  marked  abnormalitiee  in  movement  and  sensation  I 
were  observed  later,  such  as  tremor,  jerking  movements,  clonic  convulsions,  J 
paresis  of  the  hind  legs,  anssthesia  of  the  mouth  and  throat,  and  lessened ' 
sensation  all  over  the  body.  Before  death,  diarrhma  often  set  in,  and  albn- 
minuria  was  generally  present.  The  mucous  membrane  of  the  stomach  and 
bowel  was  found  swollen  and  congested,  the  kidney  and  liver  had  often  under- 
gone fatty  degeneration,  and  hamorriiages  were  found  in  the  renal  cortex. 
Aluminium  was  found  in  the  urine. 

Like  the  other  members  of  the  heavy  metal  series,  alnminium  therefore 
acts  on  the  bowel  and  kidney  in  general  poisoning,  while  many  of  the  symp- 
toms point  to  B  direct  action  on  the  brain.  Dollken  has  recently  confirmed 
Siem's  results  and  showed  that  the  nerve  cells  and  fibres  of  the  cord  and 
medulla  undergo  degeneration,  particularly  those  of  the  lower  cranial  nerves. 

It  has  been  stated  that  the  alum  salts  of  the  food  are  absorbed  and  stored 
in  the  bones,  but  tbiii  is  incorrect.  What  little  is  absorbed  is  probably  rap- 
idly excreted  by  the  bowel  and  perhaps  by  the  kidney. 

A  metal  which  is  very  nearly  related  to  aluminiom  In  its  effects  in  the 
organism  is  ^^jBrylllmii.  It  differs  chiefiy  in  being  more  poisonons,  in  being 
aha^rhftd  fmm  the  stomadi  and  iotestine,  and  in  can«ng  more  distinct  lesions 
in  these  when  it  is  mjMUd  'itttA  Ute  blood. 

Fbefabationb. 

Aldmbh  (U.  S.  p.,  B.  p.),  alum,  potassium  alum,  (AIK(S0.),  +  12H,0),  / 

large,  colorless,  octahedral  crystals,  with  a  giypfltiati^  HtrnngW  mdringnnt:  fAata.  ^^— |*' 
soluble  in  water,  but  not  in  alcohol.     0.3-1  Q.  (5-16  grs.). 

Olycerinum  Alvminia  (B.  P.),  10  per  cent. 

Alumen  Exsiccatum  (U.  8.  P.),  Alumen  Ustum  (B.  P.),  bonit  alum,  dried 
alum  (AIK(SO,),),  a  white,  granular  powder,  attracting  moisture  on  expo- 
sure to  air,  soluble  in  water. 

Alumini  Hydroxidum  (IT.  S.  P.)  (Al(On),),  a  white,  light,  amorphous 
powder,  odorless,  tasteless,  insoluble  in  water  or  alcohol,  but  soluble  in  hydro- 
chloric or  Eulphuric  acid  and  in  fixed  alkalies. 

Altimini  Sulphaa  (U.  8.  P.)  (A1,(S0.),),  a  white,  crystalline  powder,  with 
a  sweetish,  astringent  tsste,  soluble  in  water,  not  in  alcohol. 

tJaea,— Alum  is  used  chiefly  externally  for  its  astringent  properties. 
It  has  been  employed  as  an  emetic,  but  is  less  reliable  than  the  sul- 
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phate  of  copper  or  tartar  emetic,  and  very  large  doses  (4r-8  G.,  1-2 
dra.)  are  required.  Id  diarrhoea  either  alum  or  the  hydrate  is  aome- 
times  advised. 

Alum  solution  is  useful  as  an  astringent  gargle  (1-5  per  cent.),  as 

I     an  injection  in  gonorrhoea  (f-1  per  cent.),  as  an  astringent  lotion  in 

I     akin  diseases  (1  per  cent.),  and  for  other  similar  purposes.     Dried 

1     alum  is  more  caustic,  from  its  withdrawing  fluid  from  the  tissues. 

I    It  has  been  used  to  a  limited  extent  as  an  emetic;  more  frequently  aa 

I    an  application  to  exuberant  granulations,  hemorrhoids,  or  condylo- 

\  mata,  and  as  a  styptic  in  bleeding  from  the  nose  or  teeth.     Alum  has 

often  been  prescribed  in  chronic  lead  poisoning  with  success.     A 

solution  (1  per  cent.)  has  been  injected  into  the  rectum  in  chronic 

dysentery,  but  is  inferior  to  the  nitrate  of  silver. 

A  large  nuinber  of  alomininm  preparatioiiB  have  been  introdneed  recently 
as  antiseptic  astringents.  Among  these  may  be  mentioned  olumnol  (naphtol 
sulphonate  of  aluminium),  salumth  (salicylate),  tannal  (tannate),  galidl 
(gallate),  horal  (borotartrate),  eutol  (borotannate) ,  ahol  (acetate),  oJbuoI 
(salicylate  of  potassium  and  alomiaiom).  They  are  used  partly  in  solution, 
chiefly  as  dnsting  povders. 

BlBLIOQEAPHT. 
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X    HXNOS  HETALa 

Gold. 

Qold  has  never  been  largely  used  in  therapentiea,  although  repeated  at- 
tempts have  been  made  to  introdui^e  it  in  the  treatment  of  the  most  diverse 
conditions;  the  salt  employed  has  almoet  invariably  been  the  double  chloride 
of  gold  and  sodium.  It  is  much  less  poisonouB  than  many  of  the  other 
metals,  and  may  be  taken  for  many  months  withont  entailing  any  untoward 
symptoms.  The  subcutaneous  injection  in  frogs  is  followed  by  paralysis  of 
the  central  nervous  system,  gold  possessing  little  action  on  the  heart  and 
striated  muscles  in  these  animals.  Injected  intravenously  in  dogi,  it  canses 
vomiting  and  dyspncsa,  which  soon  pass  ofF,  bnt  if  sufficient  has  been  injected 
the  animal  suffers  from  nausea,  voniiting  and  diarrhea  for  several  days, 
eats  nothing,  loses  flesh  rapidly,  and  dies  a  week  or  more  after  the  ezperimoit. 
Numerons  ulcers  are  found  in  the  stomach  and  intestine,  and  these  often 
betray  their  presence  in  life  by  h«Bmorrhages.  Gold  lowers  the  blood  prea- 
sore  somewhat  on  intravenons  injection,  probably  from  the  dilatation  of  the 
mesenteric  vessels  accompanying  the  intestinal  action.  It  has  little  effect  on 
the  rate  of  the  heart  except  in  lai^  doses,  and  dilates  the  vesseb  when  per- 
fused through  them.  When  given  by  the  mouth  to  dogs  and  cats,  it  is  at 
once  ejected  from  the  stomach  by  vomiting. 

Gold  has  therefore  the  ordinary  general  effects  of  the  heavy  metals  in 
causing  acute  irritation  and  ulceration  of  the  alimentary  canal.  The  eariy 
vomiting  may  be  doe  to  action  on  the  centre,  but  is  more  probably  caused  i^ 
its  irritating  the  stomach.  The  diarrhcea  and  the  ulceration  of  the  stomach 
and  intestine  probably  indicate  that  it  is  excreted  by  these  organs. 
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Qold  has  been  used  in  various  nervous  disorders,  in  particular  in  those  of 
a  hysterical  nature,  and  may  conceivably  be  of  value  tiirough  auggeation,  if 
the  patient  be  informed  of  the  nature  of  the  remedy.  Of  late  years  it  baa 
been  widely  advertiaed  aa  a  specific  in  chronic  alcoholism,  but  analysis  has 
shown  that  no  gold  waa  contained  in  the  fluid  advocated,  and  there  is  no 
reason  to  suppose  that  it  ia  of  value  except  by  means  of  suggestion. 

BlBLIOOBAFUT. 


Platinnm.. 

Platinum  resembles  gold  in  its  action  very  closely,  but  is  much  more  poi- 
sonone.  In  the  frog  it  paralyzes  the  central  nervoos  system  and  later  the 
striated  muscles.  Eebler  observed  a  stage  of  convulsions  precede  that  of 
paralysis,  the  spasms  evidently  arising  from  the  spinal  cord  or  medulla 
oblongata.  In  mammals  the  symptoms  resemble  those  of  gold  poisoning  in 
almost  every  detail.  Small  quantities  of  platinum  double  salts  injected 
intravenously  increase  the  urine  to  some  extent;  larger  injections  cause 
albominuria. 

Platinum,  like  gold,  was  at  one  time  advised  in  syphilis,  but  has  never  been 
widely  used. 
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Chromium  is  used  in  medieine  in  the  form  of  chromic  acid  and  the  bichro- 
mate of  potassium,  which  are  both  powerful  oxidizing  bodies  in  addition  to 
their  poisonous  action  as  metallic  oxides.  The  former  property  renders 
them  more  irritant  and  corromve  than  most  of  the  salts  of  the  heavy  metals. 
Chromic  acid  in  particular  is  a  powerful  caustic,  combining  the  action  of  a 
metallic  oxide,  an  acid  and  a  strongly  oxidizing  agent.  Applied  to  the  skin 
in  substance  it  corrodea  it,  but  is  said  to  cause  less  pain  than  the  more  pene- 
trating caustic  potash.  Even  in  dilute  solution,  the  chromic  salts  and  the 
acid  act  as  skin  irritants,  and  the  caustic  effects  are  shown  by  skin  diseases, 
and  particularly  by  deep,  perforating  ulcers  in  persons  exposed  constantly  to 
the  dust  of  chromic  salts  in  factories.  These  ulcers  arise  from  any  abrauon 
of  the  skin,  and  the  cartilaginous  septum  of  the  nose  is  aleo  a  common  seat 
of  ulceration,  which  eventually  leads  to  perforation.  They  are  due  to  tbe 
local  action  of  the  poison  and  not  to  its  absorption;  they  are  said  to  be  almost 
painless.  The  inhalation  of  the  duat  leads  to  chronic  bronchitis,  while  that 
swallowed  and  absorbed  may  give  rise  to  nephritis. 

Symptoms. — In  acute  poisoning,  when  a  large  quantity  of  the  acid  or  of  a 
salt  is  swallowed,  the  symptoms  are  those  of  gastro-inteatinal  corrosion,  intense 
pain  in  the  throat  and  stomach,  vomiting  and  purging,  with  blood  in  the 
vomited  matter  and  the  stools,  collapse  and  frequently  death.  The  mouth  and 
throat  are  stained  yellow,  and  the  stomach  and  intestine  exhibit  the  usual 
appearance  of  violent  corrosive  poisoning. 

The  general  action  of  chromic  preparations  may  be  elicited  in  animals  by 
Bubcntaneous  or  intravenous  injection,  or  by  the  administration  of  smaller 
quantities  by  the  mouth.  The  symptoms  resemble  those  caused  by  the  general 
action  of  other  metals.     In  the  frog  increasing  weakness,  tremor  and  event- 
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oftUy  paralysis  of  the  central  DerrouB  system  are  iudaeed.  In  the  mammal 
vei^esB  and  slowness  in  the  movements  ia  followed  by  albuminnria,  glyeo- 
suria,  diaiThcea  and  vomiting.  Sometimes  twitching  of  the  muedes  or  even 
couvoMons  are  seen,  and  then  the  weakness  passes  into  general  paralyas. 
The  heart  seems  little  affected  by  chromium,  but  the  blood-pressni«  falls. 
After  death  the  stomach  and  bowel  are  found  congeisted,  and  the  mucous 
membrane  ia  necrosed  and  ulcerated  in  some  parts,  covered  with  ecchymoses 
in  others.  Hemorrhages  are  also  found  in  other  organs  of  the  body,  notably 
in  the  heart  wall.  The  kidney  is  in  a  state  of  acute  parenchymatous  nephritis 
and  often  contains  deposits  of  uric  acid  and  albumin,  easts,  and  often  blood 
cells  appear  in  the  urine.  In  chronic  poisoning  Interstitial  nephritis  is  said 
to  occur. 

Chromic  acid  and  its  salts  are  readily  absorbed  from  the  stomach  and  intes- 
tine. They  seem  to  be  excreted  for  Uie  most  part  through  the  kidney,  to  a 
less  extent  by  the  intestinal  epithelium  probably.  In  the  urine  the  metal 
Dcenrs  in  part  in  organic  combinations. 

Chromic  oxide  compounds  act  in  the  same  way  as  the  chromate,  but  are 
mnch  less  poisonons. 

PBEPA&A.TIOBB. 

Acidum  Chromicum  (B.  P.),  Chromii  Trioxidum  (IT.  S.  P.),  chromic  add 
or  anhydride  (CrO,),  forms  crystals  of  dark  pnrpli^-red  »>lor  and  metallic 
lustre,  odorless,  very  soluble  in  water.  When  brought  in  contact  with  organic 
substances,  sneb  as  alcohol,  glycerin  or  sugar,  it  oxidizes  them  rapidly  and 
often  violently  with  explosion. 

Liquor  Aadt  Chromiai  (B.  P.),  25  per  cent. 

Potaasi  Biohromas  (B.  P.),  FotaaaH  Dichrornat  (V.  8.  P.),  biehromate  or 
dichromate  of  potassium  (K,Cr,0,),  forms  large,  orange-red  tnmsparent  crys- 
tals, with  a  bitter  metallic  taste,  soluble  in  ten  parts  of  water.  6-12  mgs. 
(rW  gr.)- 

Chromic  acid  is  used  as  a  caustic  application  to  malignant  growths,  chancres 
and  diphtheritie  membranes,  to  a  less  extent  as  an  irritant  antiseptic.  It  has 
generally  been  applied  by  dipping  a  glass  rod  into  a  solution  formed  by  allow- 
ing the  crjrstala  to  deliquesce,  or  it  may  be  fused  on  the  end  of  a  wire.  It 
has  also  been  advised  in  5  per  cent,  solution  as  an  application  to  prevent  per- 
spiration of  the  feet  and  to  harden  the  skin. 
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Maoganese. 

Traces  of  manganese  are  found  in  the  blood  and  tissues  of  man  and  animals 
very  frequently,  but  this  metal  is  not  an  essential  constituent  of  the  body,  bat 
ia  apparently  absorbed  accidentally  with  the  food.  The  salts  of  manganese 
in  large  quantities  cause  acute  irritation  of  the  stomach  and  intestine,  like 
those  of  the  other  heavy  metals,  but  no  symptoms  pointing  to  effecta  fnxn 
the  absorption  of  the  metal  are  observed  even  when  the  administration  is  con- 
tinued for  a  long  time.'  Manganese  is  absorbed  from  the  alimentary  tract, 
however,  but  only  in  very  small  quantity,  and  it  appears  to  resemble  iron 
closely  in  its  course  through  the  tissues  (see  page  660).     Its  general  action 

'  Symptoms  ascribed  to  ehionle  polioulng  have  recently  been  described  by  E 
.  as  oeenning  In  workmen  in  manganese. 


aglc 


MINOB  MBTALS.  701 

has  been  elicited  by  the  hypodennie  or  intravenous  Injectioii  of  double  BOlta. 
In  frogs  manganese  injected  hypodennically  caases  a  descending  paralysis  of 
the  brain  and  spinal  cord,  and  later  weakens  and  arrests  the  heart,  while  the 
peripheral  muscles  and  nerves  seem  unaffected.  In  mammale  large  injections 
induce  epileptiform  convulsions,  particularly  in  the  rabbit  and  guinea-pig. 
Smaller  quantities,  wbich  cause  a  less  acute  intoxication,  induce  in  the  dog 
nausea  and  vomiting,  diarrhoea,  weakness,  somnolence,  etupor  and  death  from 
srrest  of  the  respiration.  The  urine  is  often  increased,  and  contains  bile  pig- 
ment, and,  towards  death,  albumin  and  casts.  The  stomach  and  bowel  present 
no  congestion  or  ulceration  in  these  oases.  Manganese  is  found  in  the  vomited 
matter  and  the  stools,  in  the  liver,  kidney  and  intestinal  wall,  to  a  less  extent 
in  the  other  organs.  In  acute  poisoning  in  mammals  the  blood-pressure  falls, 
from  depression  and  paralysis  of  the  vasomotor  centre,  while  the  heart  is 
affected  only  much  later.  In  subacute  poisoning  the  darker  color  of  the  urine 
indicates  ictents,  but  this  is  much  more  marked  when  small  quantities  are 
repeatedly  injected  into  the  subcutaneous  tissues,  and  chronic  poisoning  in- 
duced.  In  chronic  cases  the  nephritis,  which  is  shown  in  the  acute  poisoning  by 
albuminuria,  is  also  more  developed,  the  inflammation  commencing  in  the 
secretory  cells  of  the  kidney  but  latw  involving  the  interstitial  tissue,  if  the 
animal  lives  long  enough. 

Manganese  injected  hypodermically  or  subcutaneously  is  excreted  chiefly 
by  the  intestinal  epithelium,  to  a  lees  extent  by  the  kidney. 

Pbepabations. 

Mangani  Diostdum  Pradpitatum  (U.  5.  P.).     Dose,  0.25  Q.  (4  grs.). 

Mangam  SulpJuK  (U.  S.  P.)  (MnSO.-f  4H,0),  colorless,  or  pale  roae- 
eolored  crystals  with  a  somewhat  bitter,  astringent  taste,  soluble  in  water,  not 
in  alcohol.    0.25  Q.  (4  grs.). 

Mangatti  Hypophoaphit  (U.  S.  P.)   (Mn{PH,0,),).     0.2  G.  (3  gra.). 

Manganese  has  been  advised  in  chloro^  and  especially  in  amenorrhosa, 
in  which  it  is  believed  by  many  to  have  a  specific  action,  while  others  have 
found  it  of  no  value  in  either  of  these  conditions.  In  amenorrhcea  the  per- 
manganate of  potassium  is  generally  prescribed  instead  of  the  dioxide  or  aol- 
phate,  but  as  it  is  at  once  reduced  in  the  stomach,  the  effect  is  the  same  as 
if  pore  dioxide  was  administered. 
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Oadffllnm  resembles  zinc  very  closely  in  its  effects. 

Nickel  and  Oobalt  salta,  administered  to  the  &og,  cause  a  curious  itak 
color  in  the  skin,  followed  by  convulsive  movements,  which  at  flist  arise  appar- 
ently from  the  medulla  oblongata  and  higher  centres,  and  resemble  those  of 
picrotoxin,  but  later  are  reflex,  from  excessive  irritabili^  of  the  spinal  cord. 
In  mammals  the  usual  symptoms  arising  from  the  action  on  the  intestine  and 
kidney  are  accompanied  by  tremors  and  chorea-like  movements,  later  by 
tetanus,  and  finally  by  paralysis.  These  metals  also  cause  a  profound  fall  in 
blood  pressure  resembling  that  from  arsenic  and  apparently  arising  from 
direct  action  on  the  walls  of  the  arterioles  and  capillaries.  Strongly  acid  food 
may  form  nickel  salts  when  it  is  cooked  in  vessels  made  of  this  metal,  hut  no 
poisoning  results,  either  because  the  quantity  ingested  is  too  small  or  because 
it  is  slowly  absorbed  from  the  stomach  and  intestine.     Cobalt  nitrate  has  been 
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recommetided  as  an  antl  lote  in  pnissic  add  poisoniog,  as  it  f  omta  an  insolable 
cyanide,  but  appears  to  be  of  little  or  no  valoe;  the  oxide  has  been  applied 
externally  as  an  astriageat,  antiseptie  powder. 

Tin  salts  paralyze  tha  central  aervous  system  in  the  frog,  and  later  the 
heart.  In  mammals  diiirrhcea,  colic,  vomiting  and  general  weakness  are 
observed,  along  with  ptu-alysis  of  some  parts  of  the  central  nervous  system 
and  atimnlfttion  of  others,  leading  to  ataxia,  stiffness  and  irregularity  of  the 
movements,  and  occasionally  convulsions.  The  sulphide  is  said  to  be  depos- 
ited in  the  lymph  spaces  of  the  intestines  in  the  same  way  as  in  bismuth 
poisoning.  Qeneral  poisoning  may  be  induced  by  the  administration  of  the 
salts  by  the  mouth,  even  when  there  is  no  corrosion  of  the  mucous  mam' 
brane.  Tin  is  often  eontained  in  preserved  foods  containing  acids,  from  being 
dissolved  oS  the  vessels,  and  is  certainly  absor^)ed,  for  it  has  been  detected  in 
the  urine  after  the  use  of  such  articles.  Apparently  it  is  not  often  present 
in  sufficient  quantities  to  induce  poisoning,  for  although  some  cases  of  "  tin 
poieoning  "  are  met  with  in  medical  literature,  in  none  of  them  has  it  been 
satisfactorily  established  that  tin  was  the  cause.  Chronic  poisoning  from  this 
cause  is  unknown,  and  animals  present  no  symptoms  from  prolonged  treat- 
ment with  larger  quantities  of  tin  than  are  contained  in  any  preserved  foods. 

ThalliTun  salts  seem  to  resemble  those  of  lead  in  their  effects,  but  have  a 
powerful  depressant  action  on  the  heart,  and  are  said  to  be  more  poisonous. 
Ricbet  states  that  the  injection  of  thallium  acetate  in  animals  is  followed  by  a 
general  atrophy  of  the  muscles,  especially  of  those  of  the  jaw  and  spine,  while 
baldness  has  fallowed  its  continued  use  in  man. 

Vuuulinm  presents  only  the  ordinary  characteristics  of  metallic  poisoning. 
The  different  oxides  vary  in  toxicity,  the  pyrovanadates  being  much  the  most 
powerful. 

Holybdennjii  and  Trmgaten  resemble  each  other  closely  and  induce  typical 
metallic  poisoning. 

Uranlnm,  in  addition  to  the  ordinary  features  of  metallic  intoxication, 
causes  some  glycwuria,  the  sugar  often  amounting  to  1  per  cent,  in  the  urine. 
In  addition,  dropsy  occurs  in  animals  poisoned  with  this  metal,  partly  from 
the  changes  in  tJie  kidney,  hnt  chiefly,  it  is  said,  &om  a  destmctive  effect  on 
the  smaller  vessels. 

Seleninm  and  Tellnriom  are  classed  along  with  snlphnr  in  chemical  ^s- 
tems,  but  the  salts  of  telluric,  selenious  and  selenic  acid  induce  symptoms 
resembling  those  of  the  heavy  metals  and  arsenic  in  many  points,  and  may 
be  inserted  in  this  aeries.  In  the  frog  the  symptoms  are  those  of  centr^ 
nervous  paralysis,  and  later  of  heart  failure,  In  mammals  vomiting,  pui^ 
ing,  somnolence,  dyspntea,  tonic  and  clonic  convulsions  have  been  noted,  and 
the  stomach  is  found  somewhat  reddened,  the  mucous  membrane  of  the  intes- 
tine swollen  and  dysenteric,  while  tbe  kidneys  seem  less  affected.  The 
perspiration  is  prevented  by  tellurates,  apparently  from  a  paralysis  of  the 
terminations  of  the  secretory  nerves  similar  to  that  induced  by  atropine. 
An  early  symptom  of  poisoning  with  thes^  bodies  is  a  garlic  odor  in  the 
breath,  and  many  of  the  organs  are  found  of  a  grayish  color  after  death,  and 
possess  this  odor.  Hofmeister  has  shown  that  these  salts  are  ^reduced  to 
metallic  selenium  and  tellurium  in  the  body,  and  that  afterwards  methyl  com- 
pounds (Te(CH,)„  Se{CH,),)  are  formed.  These  are  volatile,  and,  excreted 
by  the  lungs,  urine  and  ffeces,  give  the  disagreeable  odor.  The  synthesis  of 
methyl-tellurium  is  one  of  the  few  known  cases  in  which  a  compound  with 
methyl  is  formed  in  the  animal  body,  and  is  of  great  bi  >logieal  importance. 
All  the  selenium  and  tellurium  is  not  excreted  in  this  form,  for  some  of  it 
appears  in  the  urine,  and  probably  in  the  faces,  in  other  combinations. 

Tellurates  have  been  advised  in  therapeutics  to  prevent  excessive  sweating, 
and  certainly  have  this  effect,  but  are  not  to  be  recommended,  as  the  strong 
garlic  odor  of  the  breath  persists  for  days  or  even  weeks  after  one  dose. 

Osmlc  Acid  has  been  recommended  as  an  injection  into  the  nerves  in  nen- 
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ralg^.  It  is  an  intensely  irritant  substance,  and  seems  to  induce  nephzitis 
and  diarrhoes  when  absorbed.  The  greater  part  of  the  poiaon  is,  howerer, 
deposited  u  a  black  powder  at  the  point  of  injection,  owing  to  its  being 
reduced  by  the  tissues. 

Oeriun  was  formerly  nsed  in  therapeutica  in  the  sickness  of  pregnancy  and 
similar  conditions,  bnt  is  valuelesB.  The  cerium  double  salta  injected  into  the 
blood  vessels  of  animals  are  said  to  depress  the  heart  and  cause  eccbymoees 
in  the  stomach  and  bowel,  and  nephritis.  The  oxalate  is  insoluble  and  is  not 
absorbed  from  the  alimentary  tract. 

Thorium  is  a  very  inactive  metal,  which  does  not  seem  to  be  absorbed  from 
the  alimentary  tract. 
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PART  V. 

FERMENTS,  SECRETIONS  AND  TOXALBUMINS. 

L    DI0E8TIVE  FEBICENTS. 

A  iTUMBEii  of  digestive  ferments  have  been  introduced  into  thera- 
peutics for  the  treatment  of  gastric  and  intestinal  disorders.  The 
earlier  members  of  the  aeries  were  proteolytic  ferments,  intended  to 
reinforce  the  pepsin  of  the  stomach,  but  of  recent  years  the  amjloljtic 
ferments  have  also  been  strongly  advocated. 

Pepsin. 

The  pharmaeopceial  preparations  of  pepsin  are  generally  obtained 
from  the  pig's  stomach.  It  digests  only  in  acid  solution,  the  best 
results  being  obtained  in  a  solution  of  0.2  per  cent,  of  hydrochloric 
aeid.  In  alkaline  solution  it  is  inert,  and  in  fact  is  rapidly  decom- 
posed, so  that  when  pepsin  and  alkaline  carbonates  or  bicarbonates 
are  prescribed  together,  the  effects  are  due  to  the  alkalies  only. 

Pepsin  Is  used  in  therapeutics  on  the  theory  that  the  stomach  does 
not  secrete  enough  of  the  ferment  in  certain  conditions.  But  it  may 
be  questioned  whether  this  is  true  in  even  a  small  proportion  of  the 
cases  treated  with  pepsin,  for  the  gastric  juice  is  almost  always  cap- 
able of  digesting  proteins  if  it  is  acid  in  reaction.  In  a  number  of 
forms  of  dyspepsia  the  acid  secretion  is  insufficient,  but  the  ferment 
is  almost  always  present  in  quantity,  for  it  digests  proteins  outside 
the  body  as  soon  as  it  is  acidulated.  Pepsin  is  indicated  then  only  in 
the  rare  cases  in  which  the  contents  of  the  stomach  acidulated  with 
hydrochloric  acid  fail  to  digest  proteins.  It  is  very  often  adminis- 
tered in  other  forma  of  dyspepsia,  and  certainly  does  no  harm,  but 
there  is  no  question  that  it  is  entirely  imnecessary  in  the  great 
majority  of  the  cases  in  which  it  is  prescribed. 

Pbepaiutigiis. 
Pepainttm  (U.  S,  P.,  B.  P.),  a  proteolytic  ferment  obtained  from  the  gland- 
alar  layer  of  fresh  stomachs  from  healthy  pigs,  and  capable  of  digesting  not 
less  than  3,000  times  its  own  weight  of  fr^ly  coagulated  egg  albamin.  It 
is  a  fine,  white,  amorphous  powder  or  thin  scales,  free  from  offeneiTe  odor 
and  bavii^  a  mildly  acid  or  saline  taste,  usually  followed  by  a  suggestion  of 
bitterness.  It  is  soluble  in  about  100  parts  of  water,  but  is  more  soluble  if 
the  water  is  acidulated.  0.2-0.6  0.  (3-'10  grs.),  in  powder,  or  in  solution  in 
0.2  per  cent,  bydrochloric  add. 

*  The  B.  P.  preparation  may  be  obtained  from  the  pis.  sheep  or  ealt  anil  i* 
mqnired  to  digest  2,S0O  times  its  weight  ot  bard-boiled  white  of  egg. 
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Pepem  is  generally  given  during  or  after  meals.  As  has  been  stated,  it  ia 
veiy  ntrely  indicated,  aa  the  gastric  jniee  almost  always  containa  snffleieiit 
ferment. 

Glf/cerinum  Pepsini  (B.  P.)  contains  hydrochloric  aeid.  A  fluid  drachm 
represents  5  grs.  of  pepsiii.    1-2  fl.  drs. 

Many  other  preparations  of  pepsin  are  used  in  popular  medicine,  to  a  less 
extent  by  the  profession.  Pepsin  winee,  for  example,  are  often  taken  as 
tonics  and  digeBtives,  bnt  the  wine  ia  probably  of  greater  efficacy  than  the 
ferment  In  these  pepsin  wines  the  ferment  is  not  destroyed,  however,  as  is 
sometimes  stated,  for  pepsin  is  able  to  digest  proteins  in  much  stronger  alco- 
holic solutions  than  they  represent. 

Faooreatic  Fermenta. 

The  pancreatic  ferments  have  also  been  introduced  into  thera- 
peutics, generally  in  the  form  of  an  extract  of  the  gland,  panereatin. 
These  ferments  differ  from  pepsin  in  acting  only  in  alkaline  or  neu- 
tral solution,  and  besides  digesting  proteins,  form  sugar  from  starch 
and  Baponify  and  emulsify  fats.  The  pancreatic  fermraits  are  ren- 
dered inert  by  a  comparatively  short  exposure  to  the  acid  gastric  juice. 

The  value  of  pancreatin  is  even  more  problematical  than  that  of 
pepsin,  for  though  it  would  no  doubt  be  valuable  where  the  digestive 
ferments,  particularly  those  of  the  pancreas,  were  deficient,  this  has 
not  been  shown  to  occur.  On  the  other  hand,  the  pancreatic  ferments 
are  certainly  destroyed  in  passing  through  the  stomach.  It  has  been 
BU^ested,  however,  that  they  may  act  in  the  stomach,  if  they  are 
given  before  or  with  the  food,  as  the  acid  gastric  juice  ia  only  secreted 
slowly,  and  some  time  must  elapse  before  the  pancreatin  is  r^idered 
inert  In  cases  in  which  there  is  a  deficiency  in  the  acid  of  the  gas- 
tric jaice,  the  pancreatin  might  conceivably  act  throughout  the  stay  of 
tile  food  in  the  stomach.  Attempts  have  been  made  to  preserve  the 
pancreatin  from  the  deleterious  effects  of  the  gastric  juice  by  adminis- 
tering it  in  capsules  which  are  dissolved  only  in  the  intestine.  It  ia 
certainly  possible  that  the  pancreatin  may  be  useful  in  certain  cases, 
where  rtie  fennenta  of  the  pancreas  are  absent  and  the  acid  of  the 
stomach  so  deficient  as  not  to  be  destructive,  but  there  is  no  reason  to 
suppose  that  this  series  of  accidents  occurs  at  all  frequently,  and  it  is 
impossible  to  diagnose  inefBciency  of  the  pancreatic  secretion. 

Phbpabatignb. 

Fancreatinutn  {XT.  S.  P.),  a  mixture  of  the  enzymes  naturally  existing  in 
the  pancreas  of  warmlilooded  animals,  usually  obtained  from  the  fresh  pan- 
creas of  the  pig.  It  forms  a  yellowish,  yellowish-white,  or  grayish,  amorphous 
powder,  having  a  faint,  not  disagreeable  odor  and  a  meat-like  taste,  and  is 
slowly  soluble  in  water.  0.5  0.  (8  gra.),  in  powder  or  in  capsules.  Eeratin 
capsules  have  been  proposed  in  order  to  profact  the  panereatin  from  the 
gastric  juice. 

lAqttor  Pancreatia  (B.  P.),  a  liquid  preparation  containing  the  digestive 
principles  of  the  fresh  pancreas  of  the  pig.  The  preparation  is  moat  activo 
when  the  animal  from  which  it  has  been  obtained  has  been  fed  shortly  before 
being  killed.  Two  cubic  centimetres  of  the  solution  ought  to  digest  SO  ce. 
of  imlk. 
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Benger's  Liquor  Pancreatieos  is  a  solution  of  the  pancreatic  fenuents  made 
up  ^th  soma  alcohol 

In  connection  wiUi  the  digestive  ferments  may  be  mentioned  ingluvin,  an 
extract  of  the  fowl's  gizzard,  which  was  a  few  years  ago  highly  recommended 
as  a  remedy  in  tlie  sickness  of  pregnancy,  but  has  proved  entiraly  valueless. 

Vegetablfl  rermentB. 

Besidea  these  animal  digestive  ferments,  a  number  of  vegetable  proteolytie 
enzymes  are  known,  and  have  enjoyed  a  more  or  less  short-lived  popularity. 
Probably  many  more  plant  juices  are  able  to  digest  proteids  than  are  at 
present  generally  recognized;  thas  many  of  the  bacteria  liquefy  gelatin  and 
albumin,  and  the  insectivorous  plants,  such  as  Drosera  (sundew)  and  Dionea, 
secrete  a  digestive  fluid.  Figs,  pine-apple  {bromelin),  the  scarlet  pimpemal 
(Anagallis  arvensis),  and  many  others  of  the  higher  plants  have  been  shown 
to  possess  these  ferments,  but  the  best  known  of  these  is  the  Carica  papaya, 
or  pawpaw,  which  contains  a  digestive  ferment  known  as  papain,  papayotm 
or  papoid.  This  ferment  acts  in  nentral,  moderately  acid,  or  alkaline  solution 
at  the  temperature  of  the  body  and  in  liie  cold.  It  has  been  used  instead  of 
pancreatin  and  pepsin  in  disorders  of  the  digestion,  and  also  as  an  anthelmintic. 
Diphtheritic  membranes  have  been  treated  by  the  frequent  application  of 
papain  solution ;  the  underlying  disease  was  not  favorably  influenced,  however, 
and  the  treatment  has  been  abandoned.  Papain 'solution  has  also  been  injected 
by  the  hypodermic  needle  into  tumors  and  abscesses,  with  the  intention  of 
digesting  Uie  new  growth,  or  accelerating  the  progress  of  the  abscess  towards 
the  surface,  but  the  results  obtained  do  not  encourage  the  further  nee  of  the 
remedy  in  this  way.  Peptones  are  unquestionably  formed  in  the  tumors  when 
papain  is  injected. 

Several  milk-curdling  ferments  have  been  found  in  plants,  but  none  of 
them  have  been  used  in  therapeutics. 

DiftBtOse. 

Several  amylolytic  or  augar-forming  fermaits  have  been  used  more 
or  less  in  therapeutics,  the  first  of  these  being  the  diastase  or  enzyme 
of  mtdt,  which  is  known  under  the  names  of  malt  extract,  maltzytne, 
maltine,  etc.  When  grain  is  allowed  to  germinate,  its  starch  is  formed 
into  a  soluble  form  (sugar)  by  means  of  a  ferment  known  as  diastase, 
and  it  was  supposed  that  this  diastase  might  aid  the  digestion  of 
starchy  foods  in  the  body.  When  malt  extract  is  formed  at  a  low . 
temperature,  it  unquestionably  contains  diastase  and  is  capable  of 
dig^ting  starch,  but  many  of  the  extracts  on  the  market  are  quite 
inert,  the  ferment  having  been  destroyed  by  heat.  Those  extracts  are 
therefore  devoid  of  digestive  power,  but  form  a  pleasant,  easily  digested 
food.  They  often  contain  alcohol,  and  are  then  indistinguishable 
from  beer  or  stout.  More  recently,  some  other  sugar-forming  ferments 
have  been  brought  forward,  notably  that  obtained  from  Eurotium 
oryzfe,  a  mould  of  the  aapergillus  family.  This  enzyme  is  known  as 
t<jcardiasta8e  from  the  name  of  its  discoverer,  Takamine,  and  is 
more  powerful  than  any  of  the  malt  extracts.  Taka-diaatase  has  been 
recommended  in  cases  in  which  there  is  supposed  to  be  a  deficient 
digestion  of  starch.  It  ceases  to  act  in  the  gastric  juice  as  soon  as  the 
acidity  exceeds  0.1  per  cent.,  but  may  be  able  to  digest  a  certain 
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amount  of  starch  ia  the  mouth  and  stomach  before  it  is  destroyed. 
The  question  at  once  arises,  however,  whether  the  ordinary  digestive 
juices  are  ever  unable  to  digest  the  starch  of  the  food.  And  altbou^ 
a  new  term,  "  amylaceous  djapepaia,"  has  been  introduced  to  indi- 
cate this  class  of  cases,  if  they  should  be  found  to  exist,  it  must  be 
admitted  that  no  satisfactory  evidence  of  their  existence  has  been 
brought  forward  as  yet.  It  is  stated  that  more  starch  is  found  to  be 
digested  in  the  stomach  after  the  administration  of  diastase,  but  this 
seems  to  be  beside  the  point,  for  it  merely  indicates  that  less  starch 
reaches  the  intestine  for  the  pancreatic  juice  to  act  upon.  Until  it  is 
shown  that  in  some  cases  the  digestion  of  starch  by  the  intestinal  fer- 
ments is  insufficiently  performed,  the  diastase  preparations  would 
seem  to  be  superfluous. 

n.     BILE. 

The  bile  is  very  seldom  used  in  therapeutics  at  the  present  day, 
although  it  was  formerly  credited  with  great  healing  virtues.  It  has 
a  bitter  taste,  and  may  have  some  effect  like  the  vegetable  bitters,  but 
has  no  advantage  over  these,  and  ia  not  likely  to  be  used  to  promote 
the  appetite  now,  although  it  was  formerly  used  as  a  stomachic.  The 
bile  is  found  to  precipitate  the  peptones  in  test-tube  experiments,  but 
does  not  appear  to  retard  digestion  in  the  stomach  materially,  judging 
from  experiments  carried  out  in  a.  case  of  gastric  fistula.  In  the  in- 
testine it  is  generally  believed  to  act  as  an  antiseptic,  chiefly  because 
the  stools  have  a  strong  putrefactive  odor  in  cases  of  retention  of  bile. 
Limbourg  has  also  shown  that  the  addition  of  bile  to  protein  soluticKis 
delays  their  decomposition,  while  there  is  some  evidence  that  it  pro- 
motes pancreatic  digestion.  It  has  some  purgative  action,  as  is  shown 
by  the  obstinate  constipation  which  often  occurs  when  it  is  prevented 
from  reaching  the  intestine ;  according  to  Stadelmann,  the  bile  acids 
irritate  the  mucous  membrane  of  the  large  bowel  and  thus  induce 
purgation.  An  obscure  relation  exists  between  the  drastic  purgatives 
and  the  bile  in  the  intestine,  several  of  them  failing  to  act  in  its 
absence.  (See  page  99.)  Bile  increases  the  activity  of  the  fat- 
splitting  ferment  of  the  pancreas  and  thus  augments  the  absorption  of 
fats.  Most  of  the  bile  given  by  the  mouth  is  absorbed  in  the  stomach 
and  small  intestine  and  carried  to  the  liver,  which  excretes  it  again, 
while  a  small  quantity  of  the  bile  acids  escapes  in  the  urine.  In  the 
liver  it  increases  the  secretion  of  both  the  fluid  and  the  solids  of  the 
bile ;  in  fact,  the  bile  is  the  only  reliable  cholagogue  knovm.  The  con- 
stituent which  acts  on  the  secretory  liver  cells  seems  to  be  the  bile 
acids,  and  their  increase  is  greater  than  can  be  accounted  for  merely 
by  the  excretion  of  that  administered,  so  that  it  would  seem  that  they 
exercise  some  specific  stimulant  action  on  the  secretory  cells.  The  bile 
pigment  is  also  augmented  when  bile  acids  are  absorbed,  owing  to  the 
destruction  of  the  red  cells  of  the  blood,  as  the  liberated  luemoglobln 
is  carried  to  the  liver  and  there  formed  into  bile  pigment. 
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Eile  given  by  the  mouth  does  not  cause  any  symptoms  except  those 
from  the  intestine  and  liver.  When  it  ia  injected  into  the  blood,  how- 
ever, it  depresses  the  central  nervous  system  and  the  heart  muscle  from 
ita  direct  action  on  these  organs,  and  decomposes  the  red  cells  of  the 
blood.  Muscles  and  nerves  suspended  in  a  solution  of  bile  salts 
rapidly  lose  their  irritability,  and  some  unicellular  organisms  are 
killed  and  dissolved  by  them.  The  poisonous  constituent  of  the  bile 
seems  to  be  the  salts  of  the  bile  acids,  but  several  authors  have  stated 
that  the  pigment  is  also  active. 

Fraser  has  recently  discovered  that  the  bile  has  considerable  virtue 
as  an  antitoxin.  Thus  the  bile  of  the  venomous  snakes  acts  as  an 
antidote  to  their  poison,  and  the  bile  of  other  animals  has  also  some 
efifect  in  this  direction.  This  antitoxic  action  is  apparently  due  to  the 
presence  in  the  bile  of  eholesterin,  which  forms  a  loose  combination  or 
solution  with  the  toxins  and  retards  their  absorption  into  the  cells. 
It  is  much  more  efficient  when  it  ia  mixed  with  the  poison  before  its 
application,  than  when  it  is  injected  after  the  bite.  Frazer  adds  that 
the  bile  is  also  an  antitoxin  to  other  poisons,  including  those  produced 
by  the  pathogenic  microbes.  Others  have  found  that  the  bile  of  ani- 
mals dying  of  an  infectious  disease  (rinderpest)  possesses  some  cura- 
tive properties  in  other  animals  Buffering  from  the  same  malady,  this 
being  explained  by  the  excretion  of  the  antitoxin  in  the  bile. 

Bile  has  been  used  as  a  purgative,  and  it  has  been  particularly 
recommended  in  the  form  of  an  enema.  It  does  not  seem  to  be  reli- 
able, however,  and  presents  no  advantages  over  soaps  and  similar  sub- 
stances. 

As  a  cholagogue  it  is  without  rival,  but  no  condition  is  known  In 
which  an  increase  of  the  bile  secretion  is  indicated,  for  though  it  has 
been  proposed  to  expel  gall-stones  by  raising  the  pressure  in  the  gall- 
ducts  by  cholagi^ues,  it  is  found  that  when  the  pressure  is  only 
slightly  increased,  the  secretion  is  arrested.  It  is  inconceivable  that 
the  small  rise  in  pressure  could  force  out  an  impacted  gall-stone. 

Bile  might  be  used  to  aid  the  absorption  of  fats,  particularly  when 
it  is  deficient  in  the  bowel ;  in  a  case  of  biliary  fistula  Josliu  found 
that  much  less  fat  and  nitrogenous  food  escaped  in  the  stools  when  the 
patient  was  treated  with  bile  pills,  than  when  no  treatment  waa 
adopted. 

Pbepaoations. 

Fel  Boma  (U.  S.  P.),  ox  gall,  the  fresh  bile  of  the  ox. 

Fel  Bovia  Purificatum  (V.  S.  P.),  Fel  Bovinum  Pttrifleatum  (B.  P.),  is 
formed  from  the  freeh  bile  by  the  addition  of  alcohol,  filtration  and  evapora- 
tion to  pillular  consistency.  The  alcohol  ia  added  to  remove  the  mucna  of 
the  bile.  The  pigments  may  be  removed  by  filtering  the  watery  solntion 
through  animal  charcoal. 

Bile  is  always  prescribed  in  the  form  of  pills  made  from  the  purified  prep- 
aration.    0.3-1  a.  (5-15  grs.). 
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m.    INTEBNAL  SEOILETIONa 

Until  very  recently  the  only  animal  aecretiona  recognized  in  thera- 
peutics were  the  digestive  ferments,  the  bile,  and  a  few  rarely  used 
siibetaneee,  such  as  musk.  But  within  the  last  few  years  it  has  been 
shown  that  certain  glands  supply  the  blood  constantly  with  substances 
which  are  necessary  to  the  economy,  and  a  deficiency  in  which  leads 
to  the  gravest  symptoms.  The  subject  of  internal  secretion  is  still  in 
its  infancy,  but  therapeutics  haa  already  been  enriched  with  at  least 
two  additions  of  unquestioned  value,  and  may  profit  still  more  by  the 
further  exploration  of  this  field.  The  chief  objects  of  "  oi^anothera- 
peutics,"  or  the  treatment  of  disease  with  extracts  of  the  glands  of  the 
body  (animal  extracts),  has  been  to  supply  a  deficiency  of  the  normal 
secretion.  And  the  brilliant  results  obtained  by  the  use  of  thyroid 
extract  (page  521)  have  encouraged  anticipations  that  further  advances 
may  be  made  in  this  direction.  The  investigation  of  the  extracts  of 
tihe  suprarenal  gland  (page  334)  and  pituitary  body  (page  340)  have 
also  shown  that  the  animal  oi^ns  contain  bodies  which  may  be 
utilized  in  medicine  in  the  same  way  as  the  more  familiar  plant 
extracts,  and  there  is  no  reason  to  doubt  that  further  exploration  of 
this  field  will  also  prove  profitable.  Advance  in  organotherapeutica 
is  not,  however,  to  be  expected  from  the  indiscriminate  use  of  the 
gland  extracts  in  every  sort  of  disease,  such  as  is  too  popular  at  pres- 
ent. Such  progress  as  has  been  made  hitherto  in  this  field  has  been 
due  to  careful  observation  and  experiment,  and  not  to  haphazard  use 
of  the  hypodermic  syringe. 

The  Tlisrmns  Gland  has  been  found  to  contain  minute  quantities  of  an 
iodine  compound,  which  may  be  identical  with  that  of  the  thyroid.  Svehla 
found  that  the  injection  of  an  extract  into  the  veins  caused  considerable 
acceleration  of  the  pulse  with  some  depression  of  the  blood-pressure.  The 
acceleration  was  found  to  be  due  to  direct  action  on  the  heart,  the  fall  of  th« 
blood-presaure  to  paralysis  of  the  vaao-constrictora.  Very  lai^  quantities 
caused  lestlesanesa,  collapse  and  death.  Thymus  extract  has  been  advised  in 
exophthalmic  goitre,  and  ie  said  to  be  of  some  value  in  a  certain  number  of 
cases,  but  does  not  benefit  most  patients. 

The  excision  of  the  Fancreos  in  animals  is  followed  by  the  appearance  of 
aagar  in  lai^  quantity  in  the  urine,  and  in  many  cases  of  diabetes  in  the 
human  subject  the  pancreas  is  found  diseased,  so  that  this  gland  seems  to 
secrete  some  substance  which  is  required  by  the  tissues  to  enable  them  to 
maintain  the  normal  amount  of  sugar  in  the  blood.  Extract  of  pancreas  has 
therefore  been  administered  in  diabetes,  but  as  yet  without  satisfactory  results. 

Bone  Uarrow  extract  and  Spleen  extract  have  been  given  in  percieioira 


3gLC 


ISTBiNAL  8BCSBT10NB.  711 

ansmia  in  order  to  increase  the  namber  of  the  red  cells,  and  many  other 
eztraets  of  organs  have  been  proposed,  oft«n  on  the  most  extraordinary 
grounds.  It  was  not  to  be  expected  that  these  extracts  of  brain,  heart,  liver, 
kidney,  prostate  and  lung  would  prove  of  benefit  in  the  diseaseB  of  these 
organs,  and  experience  has  shown  that  the;  may  without  exception  be  rele- 
gated to  the  retdms  of  quackery. 

One  extract  deserves  mention  on  account  of  the  attention  is  has  attracted, 
and  the  influence  it  has  had  on  the  theory  of  oi^anotlierapeutics — the  extaract 
of  the  Testiclea.  The  use  of  testicular  extract  was  first  nconunended  by 
Brown-Sequard  in  1S89,  as  .having  a  general  tonic  effect.  He  was  led  to  this 
conclusion  by  the  consideration  that  the  sexual  power  is  diminished  in  advanced 
life  and  made  the  bold  step  from  this,  that  one  of  the  causes  of  the  woes  of 
old  age  is  the  diminution  of  the  internal  secretion  of  the  testes;  this  elixir 
of  youth  might,  however,  be  obtained  by  extracting  the  organs  in  various 
ways.  Xt  is  surprising  how  widel;  this  theory  has  been  accepted,  and  with 
what  seal  all  sorts  of  preparations  of  the  testicles  and  ovaries,  including  the 
unaltered  human  semen,  have  been  used  in  therapeutics,  and,  it  most  be 
added  In  justice  to  the  observers,  in  experimenls  upon  themselves.  While 
there  is  no  question  that  the  removal  of  these  organs  exercises  an  important 
inflnence  on  a  number  of  oi^ans  and  tissues,  there  are  no  sufBcient  grounds 
for  believing  that  the  testicular  extract  has  any  effect  whatsoever  except 
through  hypnotic  suggestion.  Two  investigators  have  recently  attempted  to 
demonstrate  the  increase  in  the  muscular  strength  by  means  of  the  ergograph, 
but  the  results  obtained  by  means  of  this  instrument  in  other  investigations 
have  proved  so  deceptive  that  little  weight  is  to  be  laid  on  their  results. 
Loewy  and  Btcbter  state  that  extract  of  testicle  increases  the  oxidation  in 
the  tissues  of  male  castrated  nnimBla,  but  not  in  normal  male  animals  or  in 
castrated  females;  extract  of  ovary  {oophorin)  has  a  similar  effect  on  the 
castrat«d  female. 

Instead  of  the  extract  of  testicle,  apemtine,  an  alkaloid  found  in  the  testicle 
chiefly,  but  also  in  a  number  of  other  oi^ans,  has  been  proposed  by  Poehl. 
According  to  this  author,  it  is  an  important  factor  in  the  oxidation  of  the 
tissues,  and  a  number  of  symptoms  of  disease  are  due  to  its  being  precipi- 
tated in  the  form  of  the  phosphate  and  thus  rendered  inactive,  this  being 
especially  liable  to  occur  whenever  the  alkalinity  of  the  blood  is  reduced  in 
any  way.  Foehl's  spermine  has  therefore  been  advised  in  a  large  number 
of  diseases,  and  in  fact  is  considered  by  some  almost  a  panacea.  His  state- 
ments are  not  founded  on  any  satisfactory  experimental  or  clinical  observa- 
tions, and  have  met  with  little  credence  from  experienced  physicians.  Sper- 
mine was  at  one  time  supposed  to  be  identical  with  piperazine,  but  this  has 
proved  to  bo  erroneous. 
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IV.    TOZHTS  AMD  ANTITOXINS. 

The  toxins  are  a  series  of  poisons  whose  existence  has  been  recog- 
nized only  in  recent  years  and  whose  character  is  still  obscure,  but 
they  play  an  ever  increasing  part  in  medicine.  They  are  found  in 
animals  and  in  some  of  the  higher  plants,  and  have  proved  to  be  the 
means  by  which  many  of  the  pathogenic  micro-organisms  act  in  the 
tissues.  Their  chemical  characters  are  still  disputed,  and  none  of 
them  have  been  isolated  in  an  absolutely  pure  form,  as  no  means  has 
yet  been  found  to  separate  them  from  the  proteins  of  the  cells  in  which 
they  are  produced.  Kany  observers  are  disposed  to  regard  them  as  of 
protein  character,  while  others  believe  that  they  are  of  simpler  com- 
position and  merely  attached  by  physical  or  loose  chemical  bonds  to 
the  proteins  which  accompany  them. 

These  toxins  are  amongst  the  most  powerful  poisons  known,  but 
when  animals  are  treated  with  small  and  gradually  increasing  doses, 
they  become  insusceptible  to  amounts  that  would  prove  fatal  to  an 
untreated  control  animal,  and  finally  withstand  in  some  instances 
many  hundred  times  the  ordinarily  fatal  dose.  This  acquired  Im- 
mnnltr  At  first  sight  res^nbles  the  tolerance  acquired  for  morphine 
and  other  poisons,  but  is  different  in  character.  For  in  the  latter 
case,  the  organism  no  longer  reacts  to  the  poison  which  has  become 
one  of  its  usual  constituents,  exactly  as  a  fresh  water  organism  may 
dowly  be  rendered  tolerant  to  sea  wafer,  the  salts  of  which  are  gradu- 
ally added  to  the  fresh  water  and  come  to  form  part  of  the  normal 
environment  of  the  oi^anism.  On  the  other  hand,  when  immunity 
to  a  toxin  is  acquired,  by  repeated  administration,  the  organism  forms 
a  new  antagonistic  substance  known  as  aTiiitoxin,  which  prev«its  the 
toxin  from  having  any  effect  by  forming  a  loose  combination  with  it, 
which  is  innocuous.  Ehrlieh  has  attempted  to  explain  the  formation 
of  antitoxin  in  his  well-known  aide-chain  hypothesis  by  supposing  that 
toxins  combine  with  certain  components  of  the  living  cells  and  that 
the  organism  reacts  by  forming  those  components  in  excess  and  free- 
ing them  in  the  blood  serum,  but  much  remains  to  be  done  before  a 
clear  picture  of  the  process  can  be  presented.  In  any  case,  the  organ- 
ism forms  these  antidotal  substances  far  in  excess  of  what  is  necessary 
to  neutralize  the  quantity  of  toxin  administered.  And  this  excess  can 
be  obtained  by  bleeding  the  immune  animal  and  collecting  the  serum ; 
and  when  injected  into  an  untreated  animal  this  antitoxic  serum 
lends  it  a  certain  degree  of  immunity  to  the  subsequent  injection  of 
the  original  toxin.  The  use  of  this  antitoxic  serum  may  thus  pro- 
tect animals  from  the  toxin  of  a  disease,  provided  it  be  administered 
early.  After  the  toxin  is  formed  in  the  tissues,  antitoxin  is  of  less 
benefit  owing  to  the  damage  already  done,  and  the  later  the  antitoxin 
is  employed  the  less  beneficial  action  it  has.  Each  antitoxic  serum 
antagonizes  only  the  toxin  which  has  been  employed  in  its  production, 
and  affects  only  the  toxin  and  not  the  organism  which  may  have  pro- 
duced it.     For  example,  the  antitoxin  for  diphtheria  toxin  has  no 
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infiuence  on  tetanus  toxin  and  is  powerless  against  the  diphtheria 
bacillus,  which  grows  readily  in  the  antidiphtheritic  serum.  On  the 
other  hand  diphtheria  toxin  has  no  effect  in  an  animal  protected  by 
an  efficient  dose  of  the  diphtheria  antitoxin.  Each  toxin  must  thus 
be  combatted  by  the  corresponding  antitoxin,  and  the  infection  is  not 
antagonised,  but  only  the  poison  produced  by  the  organism. 

The  antitoxic  sera  are  entirely  devoid  of  action  except  as  antidotes 
to  the  toxin,  provided  they  are  injected  into  animals  of  the  same 
species  as  Uiat  from  which  they  are  obtained.  In  therapeutics,  animal 
serum  has  to  be  employed  in  man,  and  occasionally  this  gives  rise  to  the 
symptoms  which  are  liable  to  arise  when  ordinary  serum  is  injected 
into  an  animal  of  another  species.  These  symptoms  are  chiefly  skin 
eruptions,  such  as  erythema  and  urticaria,  fever,  and  rheumatic  pains 
in  the  joints  and  muscles,  and,  though  unpleasant  and  sometimes 
alarming,  have  no  serious  results.  They  are  not  due  to  the  antitoxin 
as  such  but  to  other  constituents  of  the  foreign  serum,  and  are  equally 
liable  to  arise  when  animal  serum  devoid  of  any  antitoxic  action  is 
injected  into  man. 

Apart  from  their  action  on  the  toxins,  serums  may  also,  be  specifi- 
cally bactericidal,  destroying  or  retarding  the  growth  of  the  bacillus 
while  affecting  the  toxin  to  a  less  extent.  But  these  may  be  better 
treated  of  in  connection  with  the  microbes  on  which  they  act  and  by 
which  they  are  formed. 

Antidiphtheritio  Semm. 

When  a  horse  is  treated  with  injections  of  gradually  increasing 
doses  of  diphtheria  toxin,  it  acquires  immunity  to  this  poison,  and  its 
serum  is  found  to  neutralize  the  effects  of  large  amounts  of  toxin 
injected  into  other  animals.  Blood  is  then  drawn  from  the  immunized 
horse,  the  serum  is  allowed  to  separate  and  is  collected  in  sealed  tubes; 
some  antiseptic  such  as  carbolic  acid  or  cresol  is  added  to  preserve  it. 
The  amount  of  antitoxin  in  any  serum  must  be  ascertained,  and  this 
is  done  by  animal  experiment,  the  antitoxin  unit  being  the  amount 
necessaty  to  protect  an  animal  against  100  times  the  fatal  dose  of 
toxin  for  a  guineapig  of  250  Q.  weight.  The  antidiphtheritic  serum 
is  thus  sent  out  standardized  in  units,  some  preparations  containing 
100  units  in  the  c.c.  and  others  as  many  as  300  or  even  600  units. 

Sbbuu  AifTn>iPHTHBBicuM  (U.  S.  P.),  Antidiphtheritic  Semm,  or  Diph- 
theria Antitoxin,  the  seram  of  a  horse  immnnized  by  the  injection  of  diphtheria 
toxin,  kept  in  sealed  ^lass  tabes  in  the  dark  and  at  a  low  temperature.  It 
is  a  yellowish  fluid,  often  slightly  turbid,  and  with  a  slight  odor  of  an  anti- 
septic. Each  tube  bears  a  label  giving  the  number  of  antitoxin  unita  con- 
tained, the  date  at  which  the  Benim  was  tested,  and  the  date  beyond  which 
it  will  have  deteriorated  appreciably.  Average  dose,  3,000  units;  prophylactic 
dose,  500  units. 

The  use  of  this  serum  has  revolutionized  the  treatment  of  diph- 
theria, and  has  reduced  the  mortality  in  this  disease  to  about  one- 
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third  or  less  of  that  prevailing  before  Behriog  introduced  the  method 
in  1893.  The  symptoms  improve  within  24  hours,  the  course  of  the 
disease  is  cut  short,  and  there  is  not  the  fatal  tendency  to  spread  to  new 
surfaces  which  was  formerly  seen.  It  is  not  yet  determined  how  far 
the  diphtheria  paralysis  is  prevented  by  the  serum.  The  remedy 
must  be  applied  immediately,  for  when  the  tissues  have  been  exposed 
to  the  toxin  for  some  time  the  antitoxin  has  much  less  antidotal  effect. 
For  example,  the  prognosis  is  about  four  times  as  bad  if  antitoxin  is 
injected  on  the  third  day  as  if  it  had  been  used  on  Ae  second  day  of 
the  disease.  It  is  also  effective  as  a  prophylactic  for  those  exposed  to 
the  infection.  The  antitoxin  must  be  injected  in  large  quantities, 
and  it  is  desirable  to  have  a  serum  containing  a  large  number  of  units, 
because  a  weak  serum  can  only  be  effective  if  injected  in  large  doses, 
and  these  tend  to  induce  skin  eruptions  and  other  unpleasant  features. 
Only  a  few  c.c.  of  a  strong  serum  are  necessary,  and  these  do  not  contain 
enough  of  the  foreign  components  to  cause  these  symptoms. 

Antidipbtheritic  serum  is  a  clear  fluid  in  no  way  distinguishable 
from  normal  serum  except  by  animal  experiment.  It  often  smells 
of  phenol  or  cresol,  which  is  added  aa  a  preservative.  It  slowly  loses 
its  antitoxin  and  should  not  be  used  if  more  than  a  year  old.  It  is 
injected  hypodermically,  one  thousand  units  in  mild  cases,  and  five 
thousand  or  more  units  in  more  severe  cases  and  in  those  which  are 
only  treated  several  days  after  the  infection.  The  same  dose  may  be 
repeated  after  twenty-four  hours  if  necessary. 

Antitetatitu  Senun. 

The  tetanus  bacillus  forms  a  toxin  which  induces  powerful  tetanic 
spasms  from  an  action  on  the  spinal  cord  similar  to  that  of  strychnine. 
These  may  be  elicited  by  the  injection  of  the  toxin  and  also  arise 
from  its  absorption  from  wounds  infected  with  the  bacillus.  An 
antitoxin  is  formed  by  immunizing  horses  in  the  same  way  as  the 
antitoxin  of  diphtheria  poison,  and  this  injected  into  animals  protects 
them  from  tetanus  toxin.  In  tetanus  infection  from  wounds,  however, 
the  toxin  reaches  the  spinal  cord,  not  through  the  lymph  and  bloodves- 
sels, but  by  travelling  along  the  nerve  fibres,  while  the  antitoxin  circu- 
lates in  the  blood  and  reaches  the  nerve  fibres  and  cells  with  difficulty 
(Meyer  and  Ransom),  There  is  thus  little  opportunity  for  the 
neutralization  of  the  toxin  except  that  circulating  in  the  blood,  and 
the  results  of  treatment  with  this  serum  are  much  less  striking  than 
those  of  the  antidipbtheritic  serum.  But  if  the  serum  can  be  injected 
early,  before  the  spinal  cord  has  been  attacked  by  the  toxin,  its  effects 
are  specific,  and  it  is  therefore  used  as  a  prophylactic  in  cases  where 
tetanus  infection  is  probable,  and  with  the  best  results. 

The  antitetanus  serum  is  standardized  in  the  same  way  as  the  anti- 
diphtheria  serum  and  should  not  be  used  when  more  than  a  year  old. 
It  is  injected  in  quantities  containing  20-100  units,  which  may  be 
repeated. 
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Antireniii. 

The  poisoUB  secreted  by  the  poisonous  snakes  contain  toxins,  and 
on  antitoxic  serum  prepared  by  Calmette  has  been  termed  antivenine. 
It  protects  animals  against  a  dose  of  snake  poison  whicb  would  other- 
wise be  fatal  and  has  also  been  used  with  auccess  in  snake  bite  in  man. 
But  the  effects  of  snake  bite  manifest  themselves  so  rapidly  that  there 
is  not  the  same  opportunity  of  using  this  serum  as  there  is  in  the  case 
of  diphtheria.  And  the  poison  of  different  species  of  snakes  varies 
in  composition  to  some  extent.  When  the  antiveuin  is  available, 
however,  its  injection  should  certainly  form  part  of  the  treatment  of 
snake  bite. 

Many  other  immune  sera  have  been  proposed,  but  as  yet  none  of 
them  have  been  generally  accepted  as  of  value. 

Toxins  are  also  fonnd  in  a  number  ot  the  higher  plants. 

Bldn  is  an  intensely  poisonoos  albmnin  found  ih  the  seeds  of  Sicinns 
commnnb  along  with  castor  oil,  which  does  not  itself  contain  this  principle, 
however.  Ricin  is  poisonans  in  doses  of  abont  ^j  milligram  (^Ao  gr.)  per 
kilogram  body  weight  when  it  is  injected  into  the  blood,  and  is  somewhat 
less  poisonous  when  applied  suticutaneously,  hut  seldom  causes  an;  symp- 
toms when  swallowed,  as  it  is  apparently  destroyed  for  the  most  part  by  the 
digestive  ferments.  It  is  thus  among  the  most  powerful  of  the  vegetable 
poisons  when  it  is  injected  directly  into  the  blood.  Death  often  occurs  only 
several  days  after  the  injection  in  animals,  and  in  the  interval  no  symptoms 
make  their  appearance  except  some  loss  of  appetite,  and  towards  the  end, 
diarrbtea  and  vomiting.  Post-mortem,  the  bowel  is  found  inflamed  and 
congested  and  contains  ecchymoses;  blood  is  found  in  the  serous  cavities,  and 
extravasations  may  occur  in  various  other  organs,  although  not  bo  uniformly 
as  in  the  bowel.  Among  the  most  obvious  lesions  are  the  innumerable 
ecchymoses  in  the  great  omentum  and  the  swelling  of  the  abdominal  lymph- 
glands,  which  generally  contain  numerous  small  fanmorrhages.  Microscopical 
exaniination  reveals  small  foci  of  necrosed  tissue  in  the  liver,  spleen,  intestine, 
stomach  and  other  organs.  Ricin  seems  to  be  excreted  by  the  intestinal 
epithelium,  which  may  explain  the  violence  of  its  action  here,  although  it 
acts  as  a  poison  in  many  other  tissues.  It  is  a  powerful  irritant,  inducing 
inflammation  and  sappuration  when  it  is  injected  subcutaneously,  or  is  applied 
to  the  conjunctiva.  On  the  other  hand  it  has  little  or  no  irritant  action  on 
the  mouth  and  throat,  and  is  digested  and  rendered  harmless  iu  the  stomach. 
Tfae  mucous  membrane  of  the  nose  is  irritated  by  the  inhalation  of  the  powder 
in  many  persons.  This  toxalbumin  has  a  very  characteristic  action  on  the 
blood.  When  a  drop  of  a  dilute  solution  is  added  to  a  test-tube  of  dedbri- 
uated  blood,  the  corpuscles  soon  f  aU  to  the  bottom,  leaving  the  clear  serum 
above,  and  the  blood  does  not  Alter  through  paper  any  longer,  the  corpuscles 
all  remaining  on  the  filter,  the  semm  passing  Utrough  colorless.  This  is  due 
to  the  agglutination  of  the  red  cells,  which  are  formed  into  masses  and  thus 
fail  to  pass  through  the  pores  of  the  Alter.  Fibrin  does  not  seem  to  be  formed 
in  the  process,  as  was  at  one  time  supposed,  but  the  nature  of  the  cementing 
substance  is  unknown.  Stillmark  supposed  that  ricin  formed  these  masses  of 
red  cells  in  the  blood  vessels,  and  that  the  symptoms  were  due  to  the  emboli 
reenlting,  bat  this  is  certainly  incorrect,  for  the  blood  of  immune  Hninmla 
reacts  in  the  same  way,  yet  these  are  not  poisoned  by  many  times  the  usual 
fatal  dose  of  ricin. 

Ebrlich  found  that  animals  rapidly  acquired  immunity  to  the  action  of 
ricin,  if  they  received  for  some  time  small  non-toxic  doses.  From  this  dis- 
covery has  arisen  the  whole  of  semm-therapentica,  which  plays  each  an  impor- 


..L.OOglC 


716  FBSMBlfTS,  8ECSBTI0N8  AND  T0ZALBVUIN8. 

tant  r61e  in  medicine  at  the  present  time.  By  gradaally  increasing  the  daily 
amount  of  ricin,  rabbita  have  attained  an  immonity  of  5,000,  that  is,  they  are 
not  affected  by  5,000  times  as  mnch  ricin  as  wonld  have  killed  them  had  no 
preliminary  treatment  been  instituted. 

Ricin  and  ita  antitoxin  are  not  used  in  tberapentics,  but  ricin  has  repeatedly 
given  rise  to  poisoning,  from  the  beans  being  taken  as  a  eubstitate  for  the 
oil.  Cattle  have  also  been  poisoned  by  being  fed  on  the  refuse  of  castor  oil 
beauB  after  the  oil  bad  been  expressed. 

Another  vegetable  toxin  which  resembles  ricin  very  closely  in  its  effects 
is  Abrin,  which  is  obtained  from  the  seeds  of  Abrus  precatorius  or  jequirity, 
the  familiar  scarlet  and  black  beans,  which  are  often  formed  into  necklaces. 
Abrin  contains  two  poisons,  a  globulin  and  an  albumose,  of  which  the  former 
is  the  more  powerful.  It  induces  the  same  symptoms  as  ricin,  bat  is  less 
poisonous,  and  immunity  can  be  acquired  in  the  same  way.  Animals  which 
are  immune  to  ricin  are  not  more  resistant  to  the  action  of  abrin  than  others, 
because  the  two  poisons  form  different  antitoxins.  Abrin  or  jequirity  has 
been  used  as  an  irritant  to  the  eye  in  cases  of  granular  lids  and  of  corneal 
opacities.  It  causes  an  acute  inflammation  which  improves  the  condition  in 
some  cases,  but  it  must  be  regarded  as  an  exceedingly  dangerous  remedy,  as 
the  inflammation  is  entirely  beyond  the  control  of  the  surgeon.  In  animals 
the  eye  is  often  completely  destroyed  by  the  application  of  ahrin,  while  in 
other  experiments  enough  of  the  drug  is  absorbed  to  cause  fatal  poisoning. 

Orotin  is  another  toxin,  which  b  found  in  the  Crotnn  Tiglium,  but  whidi 
does  not  pass  into  croton  oil.  It  is  less  poisonous  thnii  ricin  and  abrin,  bnt 
resembles  them  in  most  other  points,  except  that  it  doL-s  not  canse  a^^ndna- 
tion  of  the  blood  cells  of  certain  animals,  while  ricin  and  abrin  have  £is  effect 
in  all  kinds  of  blood  hitherto  examined. 

V.    OOD-UVER  OIL. 

God-liver  oil  baa  long  been  used  by  the  fishermen  of  tbe  North  Sea 
as  a  wmedy  in  children's  diseases,  and  was  introduced  into  medicine 
in  the  beginning  of  last  century,  but  became  generally  used  only  in 
the  last  fifty  years. 

It  is  obtained  from  the  liver  of  the  cod-fish  (G^dua  morrbua),  and 
probably  from  other  members  of  the  genus.  Formerly  the  livers  were 
left  to  decompose  and  tbe  oil  set  free  by  the  breaking  up  of  the  cells 
was  collected.  It  had  a  most  disagreeable  odor  and  taste,  however, 
and  many  patients  could  not  be  induced  to  take  it,  while  those  who 
were  courageous  enough  to  swallow  it  often  suffered  from  eructation 
and  diarrhtea  afterwards.  This  method  was  therefore  soon  replaced 
by  the  "  steam-process,"  in  which  the  oil  is  melt«d  out  of  the  fresh 
livers,  yielding  an  oil  of  much  lighter  color,  and  with  mnch  less  dis- 
agreeable smell  and  taste.  Quite  recently  a  new  process  has  been 
introduced  by  which  the  oil  is  extracted  by  steam,  without  being 
exposed  to  the  air,  and  it  is  stated  that  oil  thus  obtained  is  less  dis- 
agreeable than  any  other. 

The  cod-liver  oils  used  in  therapeutics  differ  considerably  in  appear- 
ance and  in  composition,  the  older  preparations  being  brownish  in 
color  and  having  a  strong  fishy  odor  and  a  somewhat  acrid,  disagree- 
able taste,  while  the  oil  prepared  by  the  more  recent  processes  is  pale 
yellow  in  color,  and  has  much  less  odor  and  a  bland  taste. 
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Cod-liver  oil,  like  the  oils  derived  from  the  livers  of  other  animals, 
contains  the  ordinary  glycerin  oleate,  palmitate  and  etearate,  and  also 
glycerin  esters  of  some  unidentified  non-saturated  acids,  along  with 
lecithin.  Some  free  fatty  acid  is  generally  found  in  it,  the  darker 
preparations  containing  some  4—7  per  cent.,  the  pale  yellow  oil  less 
than  1  per  cent,  as  a  general  rule. 

lodiiio  and  bromine  are  present  in  tr&ees,  apparently  very  mnch  smaller 
in  amount  than  is  generally  believed.  The  usual  statement  is  that  0.03-0.04 
per  cent,  of  iodine  and  0.003-0.005  of  bromine  exietB  in  the  oil,  bat  some 
oils  have  been  found  to  contain  only  abont  one-hundredth  of  this  amount  of 
iodine. 

Phospboms  is  found  in  traces  in  some  oils,  in  an  organic  combination,  not 
in  the  free  state.  A  small  percentage  of  cbolesterin  is  often,  not  invariably, 
present,  and  bile  acids  and  pigments  have  been  said  to  oecur,  bnt  this  seems 
incorrect.  A  nomber  of  bases  have  been  found  in  cod-liver  oil  by  Oantier, 
especially  in  the  darker  colored  varieties,  while  the  pale  yellow  oil  contains 
little  or  none. 

Cod-liver  oil  has  no  very  distinct  action  when  taken  in  ordinary 
doses,  while  in  large  quantities  it  has  a  tendency  to  cause  eructation, 
nausea  and  diarrhtea.  Taken  repeatedly,  it  increases  the  weight  and 
strength  and  improves  the  general  condition.  The  same  effects  are 
obtained  in  healthy  persons  by  the  use  of  good  food  and  fats,  but  deli- 
cate patients  who  are  unable  to  digest  ordinary  animal  fats  are  able 
to  take  cod-liver  oil.  Its  effects  are  obviously  those  of  an  easily 
assimilable  food,  and  it  is  not  a  drug  in  the  ordinary  sense  of  the  term, 
and  has  therefore  no  place  in  pharmacology  properly  speaking,  but 
should  be  classed  along  with  other  foods.  It  is  always  treated  of  as 
a  drug,  however,  because  it  has  often  been  supposed  to  have  some 
specific  effect  quite  apart  from  ordinary  foods.  It  is  generally  be- 
lieved to  differ  from  ordinary  fats  in  being  more  readily  assimilable, 
but  the  explanation  of  this  fact  is  by  no  means  agreed  upon,  for  though 
it  is  often  said  to  be  more  rapidly  absorbed  from  the  intestine,  there 
is  little  reliable  evidence  that  such  is  the  case.  A  few  experiments 
have  been  carried  out,  but  by  no  means  enough  to  establish  the  truth 
of  the  statement  satisfactorily,  and  the  chief  argument  brought  for- 
ward in  its  support  is  that  cod-liver  oil  forms  an  emulsion  in  the 
test-tube  more  rapidly  than  other  oils.  It  is  undoubtedly  well  home 
by  the  stomach,  but  it  has  not  been  often  compared  with  other  oils  in 
regard  to  this  point,  and  it  is  still  impossible  to  state  that  other  oils 
administered  with  the  same  care  as  cod-liver  oil  are  not  equally  suc- 
cessful remedies. 

Buchheim  explained  that  cod-liver  oil  formed  an  emulsion  rapidly 
on  account  of  the  free  acid  it  contained,  and  this  has  generally  been 
put  forward  as  accounting  for  its  effects  in  therapeutics.  As  far  as 
regards  the  old  dark-colored  oils,  this  explanation  may  hold  good,  but 
the  pale  oil  now  used  in  therapeutics  often  contains  less  free  acid  than 
ordinary  olive  oil.  Some  enthusiastic  supporters  of  Bnchheim's  theory 
have  therefore  asserted  that  the  pale  oil  does  not  give  the  same  results 
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as  the  older,  less  pure,  acid  preparatioBS,  but  tHe  is  not  tlie  general 
opinion  of  the  medical  profession. 

The  older  explanations  start«d  from  the  view  that  cod-Uver  oil  is  a  drag, 
that  the  oil  itself  is  only  a  means  to  administer  certain  active  principles  con- 
tained in  it.  Tbns  iodine  and  phoaphoms  were  in  tnm  supposed  to  be  the 
essential  constituents,  but  have  both  been  shown  to  be  present  in  too  small 
quantities  to  be  of  an;  effect.  More  recently  cholesterin  has  been  suggested 
as  the  curative  agent,  but  it  is  present  in  smaller  quantities  in  cod-liver  oil  llian 
in  many  other  foods.  The  bases  are  apparently  quite  inactive  in  the  qnanti- 
ties  contained  in  the  oil. 

Several  snbstitutee  for  cod-liver  oil  have  been  proposed,  such  as  lApatUn 
{v.  Mering),  which  is  formed  from  olive  oil  by  the  addition  of  6  per  cent,  of 
oleic  acid,  and  which  was  suggested  by  the  theory  that  cod-liver  oil  owes  its 
rapid  abeorption  to  the  presence  of  free  acid.  Morrhuot,  a  crude  mixture  of 
bases,  acids  and  pigment,  has  been  introdneed  into  therapeutics  and  used  to 
some  extent,  but  it  has  not  proved  a  substitate  for  the  oil  in  practice. 

On  the  whole,  cod-liver  oil  has  not  been  shown  to  have  anj  action 
apart  from  that  of  an  easily  digested  food,  and  its  superiority  to  some 
other  fate  and  oils  has  not  been  satisfactorily  established. 

Pbepabationb. 

Oleuk  UoBBHn^  (TJ.  S.  P.,  B.  P.),  cod-liver  oil,  Oleum  Jeeoris  Aselli, 
a  fixed  oil  obtained  from  the  fresh  livers  of  Gadtis  Korrfaoa  and  of  other 
species  of  Oadus — a  pale  yellow,  thin,  oily  liquid,  with  a  peculiar,  slightly 
fishy,  bnt  not  raneid  odor,  and  a  bland,  sUghtly  &Bhy  taste.  4r-16  &&  (1-4 
fl.  drs.). 

£ffl«bum  out  MorrhuiE  (U.  S.  P.),  50  per  cent.    6  cc  (2  fl.  drs.). 

Emultum  Olei  Xorrhua  cum  BtfpopJtoaphitibm  (U.  8.  P.),  50  per  cent. 
eod-Iiver  oil.    8  c.c.  (2  fl.  dn.). 

Therapeutic  Uses. — Cod-Uver  oil  is  used  in  chronic  wasting  dis- 
eases, such  as  tubercnlosis,  scrofula,  rickets  and  some  forms  of  syphilis. 
It  is  especially  beneficial  in  the  earlier  stages  of  pulmonary  phthisis, 
but  has  no  specific  virtues  here  or  elsewhere  apart  from  those  of  an 
easily  digested  fat.  In  all  forma  of  malnutrition  and  delicacy  in 
children  it  is  largely  used,  and  undoubtedly  causes  a  considerable 
increase  in  weight,  but  care  must  be  taken  that  it  does  not  disturb  the 
digestion,  ©specially  if  the  darker  oils  are  used.  In  some  persons 
pure  cod-liver  oil  always  induces  nausea,  but  a  much  lai^r  number 
refuse  to  take  the  brown  oil.  In  most  cases  the  light-colored  oil  is 
taken  readily,  especially  if  the  dose  be  small  at  first  (a  teaspoonful). 
When  there  is  dyspepsia  or  a  tendency  to  diarrhoea,  cod-liver  oil 
should  be  given  with  caution,  and  it  is  generally  prescribed  only  in 
cold  weather,  as  it  is  found  that  patients  have  a  distaste  for  it  in 
summer.  When  fever  or  acute  disease  is  present,  cod-liver  oil  is  gen- 
erally found  of  little  value,  perhaps  on  account  of  the  disturbed 
condition  of  the  digestion.  Cod-liver  oil  should  not  be  forced  on 
patients;  when  it  continues  to  induce  nausea  and  eructation  after  a 
fair  trial,  it  should  be  abandoned. 

Innumerable  means  have  been  proposed  to  conceal  the  odor  and 


..L.OO' 


.glc 


PELOSIDZIK.  719 

taste,  but  it  ia  generally  conceded  that  when  poseible  the  pore  oil  is 
better  given  alone,  ^^en  patients  cannot  be  induced  to  take  it  in 
thia  way,  aome  volatile  oil,  ether,  or  brandy  may  be  added  to  it; 
saccharine  has  also  been  used  to  sweeten  it.  Creosote  is  sometimes 
mixed  with  cod-liver  oil  in  cases  of  phthisis,  or  an  emulsion  is  formed 
containing  cod-liver  oil,  some  flavoring  eubatance,  iron,  hypophoa- 
phites  or  calcium.  Extract  of  malt  and  cod-liver  oil  form  a  common 
mixture,  and  are  the  basis  of  many  patented  emulsions. 

In  general,  the  pale  oil  is  preferred,  but  it  must  be  added  that  BomQ 
physicians  persist  in  the  use  of  the  darker  forms,  which  contain  more 
bases  and  more  free  acid,  but  have  a  much  more  disagreeable  taste 
and  smell,  and  are  more  liable  to  disturb  the  digestion.  Of  the  sub- 
stitutes for  cod-liver  oil,  lipanin  has  little  taste  and  is  generally  taken 
readily.  It  may  be  given  shaken  up  in  milk  or  formed  into  an 
emulsion. 

B1BJ.100BAPHT. 
Kallmann.    Areb.  der  Heilkaode,  18S0,  p.  580. 
Buehheim.    Arch.  f.  exp.  Patlu  lu  Pharm.,  UL,  p.  118. 
V.  Uering.    Therap.  MoDatth.,  1888,  pp.  4ft  and  888. 
Salktneiti.     Ibid.,  1866,  p.  230. 

Haiuer.     ZbKhr.  f.  klin.  Med.,  xiv.,  p.  543;  xx.,  p.  239. 
Loieenthdl.     Arch,  f,  Anat.  o.  Phya.,  1887,  p.  258. 
MertereMt.     New  York  Med.  Jooni.,  18B9,  li.,  p.  Jl. 
Sternberg.     Ztscbr.  f.  klin.  Med.,  xxiL,  p.  295. 
BonQIot.    Compt.  rend,  de  I'Acod.  dea  Seieu.,  exr.,  p.  754. 
6m^tier  et  Mourgve*.    Lm  Alealoidee  de  Hnile  de>  Foiee  de  Home,  Pftria,  1800. 
BegerddhL     F.  P«kel  UiiUer  '■  Cod-liver  Oil  and  Chemistiy,  London,  1896,  p.  68. 
WtiU.    Brit.  Med.  Jdhiu.,  Oct.  16,  1902. 

TL    PHZiOBISZIN.' 

Phloridzin  ia  not  used  in  therapeutics,  but  has  attracted  some  attention 
from  its  effects  in  animals,  and  may  therefore  be  mentioned  shortly.  It  is 
a  glncoside  (C„HM0„-|-2n,0)  found  in  the  rootbark  of  the  apple,  pear, 
cherry  and  plum  tree.  When  given  in  large  quantities  by  the  month  it  some- 
times eanses  some  diarrhoea  in  animals,  but  apart  from  this  its  only  effect 
is  glycosuria,  which  also  follows  its  injection  sabcutaneonsly  or  intravenously. 
The  nrine  is  found  to  contain  5-15  per  cent,  or  even  more  of  angar,  sometimes 
along  with  acetone  and  oxybutyric  acid,  so  that  the  intoxication  seems  at  first 
Bight  to  resemble  diabetes  mellitns  in  men  very  closely.  Phloridzin  induces 
the  same  results  in  man  and  the  glycosuria  is  not  accompanied  by  any  other 
symptoms  generally.  It  differs  from  true  diabetes,  however,  in  the  fact  that 
the  sugar  of  the  blood  is  not  increased  in  amount.  The  glycosuria  is  not  due 
to  any  change  in  the  general  metabolism  of  the  body,  therefore,  bat  to  some 
alteration  of  the  renal  epithelium,  by  which  the  blood  sagar  escapes  into  the 
urine,  instead  of  being  retained  in  the  body  and  used  as  a  source  of  energy. 
This  has  been  definitely  proved  by  Zuntz,  who  showed  that  when  phloridan 
was  injected  into  one  renal  artery,  the  nrine  secreted  by  the  corresponding 
kidney  contained  sngar,  while  that  from  the  other  remained  normal  for  some 
time.  According  to  the  most  recent  views,  phloridzin  enables  the  renal  cells 
to  form  free  sugar  from  some  combination  in  the  blood,  and  this  free  sugar 
then  escapes  in  the  nrine.    As  the  available  sugar  is  drained  off  in  the  urine, 
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the  tissues  ispidl;  manufacture  more  and  pour  it  into  tfae  blcx>d.  As  long  as 
snfB<!ient  food  ia  given,  the  loss  of  sugar  does  not  seem  to  entail  any  incresse 
in  the  destruction  of  the  proteid  tissues,  bnt  when  phloridzin  is  given  to  starr- 
ing doge,  the  waste  of  sugar  has  to  be  made  up  from  the  tissues,  and  the  Ditii>- 
gen  of  the  urine  accordingly  rises  ia  amount,  while  at  the  same  time  the  liver 
cells  become  infiltrated  with  fat  globules.  The  stat^nent  that  the  sugar  of  the 
milk  b  increased  by  phloridzin  has  proved  to  be  incorrect. 

Glycosuria  may  be  maintained  for  an  indefinite  time  if  the  administratioB 
of  phloridzin  be  continued,  and  «nimRla  recover  rapidly  when  the  treatment 
is  stopped.  The  glacoeide  is  probably  excreted  in  the  nrine  unchanged, 
although  this  has  not  been  quite  satisfactorily  demonstrated  as  yet.  Phlo- 
ridzin may  be  decomposed  into  a  sugar,  phlorose,  and  phloretin,  which  also 
induces  glycosuria. 
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PART  VI. 

MENSTRUA  AND  MECHANICAL  REMEDIES. 

Olenm  TlieobronatU  (U.  S.  P.,  B.  P.),  cacao-butter,  a  fixed  ail  exprosBed 
from  the  seeds  of  Tbeobroma  cacao,  fonns  a  jeUowish-white  solid  having  a 
faint,  agreeable  odor  and  a  bland,  chocolate  taste.  It  melte  a  little  below  tha 
temperature  of  the  body.  Cacao-butter  is  used  almost  exclusively  to  form 
suppositories,  in  which  astringente  and  other  remedies  are  incorporated. 
When  introduced  into  the  rectum  they  melt  and  the  active  principle  is 
liberated. 

Keratla  (not  official)  is  a  substance  obtiuned  from  horns,  hoofs,  uails,  ete., 
which  is  insoluble  in  the  gastric  juices,  but  is  dissolved  by  the  alkaline  pan- 
creatic secretion.  It  is  used  to  coat  pilla  which  it  is  desired  te  protect  from 
disintegration  in  the  atomacb. 

KaoUnam  (B.  P.,  U.  S.  P.),  or  porcelain  clay,  is  used  in  the  formation  of 
pills  containing  easily  reduced  bodies,  sueb  as  silver  nitrate  or  potassium  per- 
manganate. Mixed  with  the  ordinary  vegetable  excipients,  snch  as  confection 
of  roses,  or  extract  of  liquorice  or  gentian,  these  sidte  would  be  reduced  at 
once.  Kaolin  is  an  aluminium  silicate  and  forms  a  soft  whitish  powder 
insoluble  in  water  or  dilute  acids. 

Oataplaama  Kaolini  (U.  S.  P.),  kaolin  moistened  with  glycerin  and  applied 
as  a  poultice. 

Bapo  (U.  S.  P.),  Sapo  Snras  (B.  P.),  bard  soap,  white  Castile  soap,  is 
prepared  from  soda  and  olive  oil. 

Sapo  Mollis  (U.  S.  P.,  B.  P.),  soft  soap,  sapo  viridis,  a  soap  made  from 
potash  and  olive  oil. 

Sapo  Aninialis  (B.  P.),  curd  soap,  soap  made  with  sodium  hydroxide  and 
a  purified  animal  fat  consisting  chiefly  of  stearin;  it  contains  abont  30  per 
cent,  of  water. 

These  soaps  are  used  in  therapeutics  as  ingredients  of  linimente  and  plas- 
ters. Water  containing  soap  is  often  throwu  into  the  rectum  as  an  enema, 
and  in  infante  a  soapstick  inserted  into  the  anua  generally  provokes  evacua- 
tion of  the  bowels  in  a  few  minutes. 

Soaps  impregnated  with  antiseptics,  such  as  perchloride  of  mercury,  car- 
bolic acid,  tar,  or  iodine,  are  often  used  to  disinfect  the  bauds. 

The  chief  preparations  in  which  soap  is  used  in  the  pbarmacopouas  are : 

Emplaatrvm  Saponta  (TJ.  8.  P.,  B.  P.),  soap  plaster. 

Linimentum  Saponis  (U.  S.  P.,  B.  P.),  soap  liniment. 

Linimentum  Saponie  Mollig  (U.  S.  P.,  B.  P.). 

The  linimente  consist  of  alcohol  with  soap  in  suspension,  perfumed  with 
volatile  oils,  and  are  mildly  irritant  to  the  skin.  They  are  used  largely  as  bases 
for  other  liniments. 

The  use  of  the  oils,  fats  and  glycerin  as  vehicles  for  the  application  of 
remedies  to  the  skin  has  been  mentioned  already  (page  48).  They  may  also 
be  used  to  dissolve  remedies  which  are  insoluble  in  water,  hut  which  are  to 
be  given  by  the  mouth,  such  as  phosphoms  (in  oil). 

Wax  (eera  aJba,  cera  flava)  is  used  chiefiy  to  increase  the  consistency  of 
ointmente.  A  special  series  of  preparations  somewhat  stifler  than  the  oint- 
ments are  the  cerates  of  the  V.  S.  P. 

Plasters  are  sticky,  adhesive  substances  which  are  chiefly  used  to  give 
mechanical  support,  but  which  are  often  impregnated  with  active  remedies  in 
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order  to  elicit  their  local  action  on  the  skin.  The  haais  of  many  of  the  plasters 
is  lead  plaster,  which  is  obtained  by  the  action  of  lead  oxide  on  olive  oil  and 
consists  for  the  most  part  of  lead  oleate. 

Emplaatrvm  Plumbi  (U.  8.  P.,  B.  P.],  lead  or  diachylon  plaster. 

Emplaatrtim  Adhteeivum  (U.  S.  P.),  Resina  (B.  P.),  adhesive  plaster. 

Emplastrum  Saponis  (U.  S.  P.,  B.  P.),  soap  plaster. 

Emplastmm  Belladonna  (U.  8.  P.,  B.  P.),  belladonna  plaster. 

Emplaatrtim  Picis  (B.  P.),  Burgundy  pitch  plaster. 

Emplaatrum  Capsici  (U.  S.  P.). 

Emplastrum  CaUfadena  (B.  P.),  warming  plaster. 

Emplaatrum  Cantharidia  (B.  P.). 

Empiastrttm  Mydrargyri  (U.  S.  P.,  B.  P.)',  mercury  plaster. 

Emplaatrum  Menthol  (B.  P.). 

Court  plaster  is  formed  from  isinglass,  the  dried  swimming  bladder  of  sev- 
eral species  of  sturgeon,  which  is  dissolved  in  water,  alcohol  and  glycerin  and 
painted  on  taffeta.  Isinglass  differs  from  lead  plaster  and  its  derivatives  in 
being  transparent,  bo  that  if  it  be  spread  on  a  flesh-colored  cloth,  it  disSgores 
the  hands  and  face  less  than  the  others. 

Lead  plaster,  adhesive  plaster  and  isinglass  plaster  are  used  only  to  cover 
and  p^tect  cuts  and  abrasions,  and  to  keep  the  edges  of  wounds  in  appositioo. 
The  adhesive  plaster  and  isinglass  plaster  are  superior  to  lead  plaster,  as 
they  stick  more  drmly.  It  is  perhaps  unnecessary  to  add  that  plasters  are 
always  applied  spread  on  cloth.  Opium  and  belladonna  plasters  are  believed 
to  lessen  pain  locally  as  well  as  to  give  support,  but  this  is  perhaps  imagioaiy. 
Belladonna  plaster  is  said  to  lessen  the  secretion  of  perspiration  and  of  milk. 
The  pitch,  arnica,  menthol  and  capsicum  plasters  have  some  irritant  action 
and  this  is  of  course  more  marked  in  the  case  of  the  warming  plaster  and 
cantharides  plaster.  Some  mercury  is  absorbed  when  the  mercory  plasters 
are  applied  to  the  skin,  but  this  method  of  administration  allows  of  even  less 
accurate  dosage  than  innnction,  and  is  seldom  used. 

Another  series  resembling  the  plasters  in  their  sphere  of  usefulness  is 
formed  by  the  OoUodia.  Their  basis  is  pyroxylin,  or  solable  gun-cotton, 
which  is  formed  from  cotton  by  the  action  of  sulphuric  and  nitric  acids,  and 
which  consists  of  a  mixture  of  nitrates  of  cellulose.  Collodion  is  formed  by 
dissolving  pyroxylin  in  a  mixture  of  alcohol  and  ether.  When  these  evapo- 
rate, there  remains  a  fine  layer  of  pyroxylin,  which  protects  the  surface  to 
which  it  is  applied  and  gums  the  edges  of  slight  cuts  together.  This  collodion 
is  rendered  less  brittle  by  the  addition  of  Canada  turpentine  and  castor  oil  in 
small  proportions,  and  is  then  known  as  flexible  collodion.  A  blistering 
collodion  is  formed  by  the  addition  of  powdered  cantharides  to  the  flexible 
preparation.     Another  preparation  contains  tannic  acid. 

Pyroxylinum  (U.  S.  P.,  B.  P.),  soluble  gun  cotton,  coUoxylin. 

Collo^um  (U.  S.  P.,  B.  P.),  coUodion. 

Colladium  FUxile  (U.  S.  P.,  B.  P.),  flexible  collodion. 

Coitodium  Cantharidatum  (U.  S.  P.),  Coltodium  Veaicans  (B.  P.),  blister- 
ing collodion. 

Colladium  Stypticum  (U.  8.  P.),  contains  20  per  cent,  of  tannic  acid. 

Instead  of  collodion,  india-rubber.  Caoutchouc  (B.  P.),  Elastica  (U.  S.  P.), 
may  be  dissolved  in  chloroform  and  applied  in  the  same  way. 

Calcii  Sulphas  Exsiccatus  (U.  8.  P.),  Dried  Gypsum,  used  to  impregnate 
bandages,  which  then  become  hard  and  immovable. 
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CLASSIFICATION  OF  DRUGS  ACCORDING  TO 
THEIR  THERAPEUTIC  USE. 


I.  Drnga  Applied  for  tbelr  local  action 
to  tba  ddn,  wonnds,  or  vlBlLle 
mscooB  mem^rauM, 


Potash,  547 

Marenry  nitrate,  65fl 

PotaBsiam  acd  sodiam  carbon- 
ate, 547 

Silver  oitrate,  688 

Zinc  chloride,  SS5 

Nitric  add  and  other  acids, 
062 


Anenlc,  608 
Lead   nitrate,  673 
Trichloracetic  acid,  S70 
Anunoniated  mercury  and  other 

mercaiy  preparation  i,  659 
(Soda,  547) 
(Sodium  ethjiate,  552) 
(Lime,  571) 
(Carbolic  acid,  449) 

Ditinfectantt  and  antiteptiet. 
Hydrogen  peroxide,  593 
Permanganate    of    potaarinm, 


anhydride. 


not  applied  to 
living  ob- 
jects. 


Formalde- 
hyde, 473    J 

Carbolic  acid,  449 

CorroMve  aabllmate  and  other 
mercury  salts,  856 

Silver  nitrate,  688 

Zinc  chloride,  685 

Boracic  acid,  565 

Iodoform,  lodol,  517 

Creiol,  46S 

Tar.  460 

Salicylic  add,  468 

(Benzoic  add,  473) 

(Camphor,   69) 

(Snlphitea,  536) 


(Snlpbocarbolatea,  473) 
(Volatile  oils    (thymol,  eaea- 
lyptol,  etc)) 

AtfringenU. 

Tannic  add  aeries.  111 

Iron  preparations,  e.   g.,  ml- 

phate,  660 
Bismuth  preparations,  6S3 
'  Lead  acetate,  673 
Zinc  Bulpbate  and  oiide,  685 
Copper  sulphate,  682 
Alum,  696 

Styptiot. 

Soluble  astringents  (see  above). 
Iron  perchloride,  660 
Silver  nitrate,  688 
Burnt  alnin,  606 

To  eontract  veueU  and  reduoe  hcm~ 
OTThage  and  $'iBelli'ag, 
Cocaine,  304 
Adrenaline,  334 

Emollientt  or  proteotivet. 
Emollients,  48 
Plaatera  and  Collodia,  721 
Dusting-powders— starch,     tal- 
cum, chalk,  and  many  insol- 
uble metallic  powders,  nbich 
may  also  be  slightly  astrin- 
gent, 52 

Local  anodynes  and  analgetics  for 
pain  and  itching. 
Bicarbonate  of  potassium,  547 
Cocaine,    Eucaine,    Orthoform, 

etc.,  304 
Carbolic  acid,  449 
Chloretone,  195 
(Fmssic  acid,  245) 
(Atropine,  282) 
(Aconite,  385) 
(Veratrine,  301) 

Local  anatthetia. 

Cold  by  evaporation  of  ctber, 

etc.,  183 
Cocaine  and  Eucaine,  304 
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TBS:EAPSVTIC  CLASBIFICATIOlf. 


H.  I>ni8s  used  foe  affocttona  of  tiie 


If OOTH  AND  Thbo&t  (sea  BoetioDl.), 
Demulcent,  46 

ChlorsteB,  E2B 
Ammoniiim  ebloride,  49S 
CobelM,  77 

To  leuen  Mltvalion. 
Atropine,  282 

Flavoring  aubatanett. 
Sngara,  93 

Volatile  oil  series,  S8 
Acida  (citric),  571 
Syrup  of  ToJu,  QicgoT,  etc. 


Emetics. 

Common  salt,  488 
Mustard,  91 
Warm  water. 
Apomorpbine,  240 
Ipecacuanha,  306 
Tartar  smetie,  635 
Copper  sulphate,  682 
Zinc  milphate,  685 
(AluiA,  696) 

(Ammonium        caTbonato, 
557) 

To  lessen  irritation  and  vomit- 

Opinm,  212 
Chloral,  189 
Lime-water,  571 


Cold  (ice). 
Cocaine,  304 
Carbonie-acid  water,  587 
Demulcents,  45 
(Prusaio  acid,  245) 

To  Uuen  aoiditj/,  antaaid*. 
PotasaiDiii     and     Sodium 

carbonate     and     Biear- 

bonates,  547 
Uagnesia  and  Magnesium 

carbonate,  647 
Lime-wateT  and  chalk,  571 
Lithium  carbonate,  547 

To  inerease  aeeretUm,  bitter*. 
Bimple  bitters,  64 
Nns    vomica,    Strjchnlne, 

198 
Cinchona  and  Quinine,  400 


Carruinativet. 

Volatile  oil  aanninatlTeSf 
58 

Alcoholic  prepaiatione. 

Carbonic  acid  waters^  SS7 

Carbonate*  and  Biearbo- 
nates,  S47 

Bitters  (we  above). 

Camphor,  69 

Charcoal,  584 

Ammoniom  carbonate,  547 
Iktkstinb. 

To  promote  diffettion. 

(Pancreatin,  706) 

(Biastase,  707) 

To  promote  evaeuatioii — pur- 
gatinet. 

VegeUble  purgatives,  96 

Saline  cathartics,  538 

Mercurial  purgatives — 
Calomel  and  Metallic 
preparations,  640 

Sulphur,  681 

Enemata. 

OlTCerin  sappositories,  51 

(Atropine). 

To  Uuen  movement  and  relax 

Opium  and  Morphine,  212 

Tannic  acid  series.  111 

Lime-water,  571 

Lead  acetate,  673 

Bismuth,  S93 

Atropine  (to  relax  spaam), 

(Alum,  606) 

To   destroy    porasiftf* — antk«I- 
mintMS. 
Male  fern,  118 
Pomegranate,  121 
Coseo,  etc,  120 
Santonin,  122 
Calomel,  634 
Salol,  467 

ThyTDol,  Naphtol,  455 
(Some  volatile  oils). 
(Chloroform,  155) 
(Quaeaia  enema,  64) 

i>imn/octants  and  antiteptiot. 
(Vegetable     and     Saline 

purgatives.) 
Mercurial      porgea — Calo- 
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TSEBAPEUIIC  CLABSIFICAXIUN 


To  itrengthen  oontraetwm. 
Digitalis  group,  3&7 

To  aceelerate  pvUe. 
Atropine,  2S2 
(CainpboT,  69} 
(C&fleine,  250) 

To  tlov)  the  pvUe. 

Digitalis  group,  367 
Aeoaite,  385 
Veratriue,  391 
{Strjeluine,  198) 

TlSBELS. 

To   eontraat  odHbre  and  nxitt 

hlood-yreaKiire 
Digitalis,  857 
SliTehmne,  198 
Caffeine,   250 
Camphor,  69 
Ergot,  341 
AdrenaliDe     (intravenous- 

l7),  334 

To    relca    veneU    and    lower 
Itlood-preatwre 
Nitrite  seriee,  349 

To  arrest  internal  hemorrhage 

{typtics). 
Ergot,  341 
H7dTastiiie  and  Hjdrasti- 

nine,  235 
Opium  and   Uorphine   (to 

allaj  restlessness). 

To  remove  fluid  {droptg,  ano' 
tarea). 
Digitalis  series,  357 
Dinretiea  (see  Kidney',  be- 
low). 
Saline  eatharties,  53S 
Diaphoretics  (see  Skin,  be- 
low). 
(Vegetable  cathartics,  96) 
(SaUc;Ue  add,  463) 


To  inereaie  the  flow  of  whm  (dtti- 

Caffeine  and  Theobromine,  2S0 
Digitalis  and  Sqnills,  8S7 
(Turpentine,   TJva   Urai,   See- 

PATIIU). 


Nitrates,  534 

Acetates,  557 
Citrates,  557 

Iodides  of  the  alkalies,  SOS 
Carbonates,  547 
'iSeiaurj — calomel      and     bine 
pill,  640 

To  reTider  the  urine  lew  aoid. 

Alkali    carbonates   and  bicar- 
bonates,  547 
Acetates,  S57 
Citrates,  557 

To  render  the  vrine  anti»eptio. 
Copaiba  series,  77 
Salol  and  Balicylatas,  408 
Sodium  snlphocarbolate,  479 
Borax,  586 
Urotropine,  480 
Local  antiseptics,  astringents, 
anodynes,  caustics,  etc,  are 
osed  in  the  urethra  and  blad- 
der. 

To    promote    oontraation    of    tho 
vierua  (M&olict), 
Ergot,  341 
Qninine,  409 
(Pilocarpine,  318) 
(Cottonroot-barfc,  340) 
(Hydrastis,  235) 

To  promote  menttrvation  (i 

^O^USJ). 

Iron,  660 
Aloes,  101 
(Myirh). 


To  ttimwlnte  the  Tetpiratorji  emire. 
Atropine,  2S2 
Caffeine,  2S0 
Camphor,   69 
Strychnine,  198 
(Alcoholt). 

To  reduce  the  irritability  of  the. 

centre  in  eovgK 
Opium,  Morphine,  and  Codeine, 

313 
(Heroine). 
Chloral  series,  1B9 
Bromides  of  the  alkalies,  601 

To  inoreate  and  liguefy  the  bro*- 
ehial  leoretion. 
Ipecaenanlia,  396 
Tartar  emetie,  635 
Squills,  357 
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TEEBAPEUTIC  CLASSIFICATION. 


Senega,  403 

Ammonium  carbonate,  557 
Iodides  of  the  alkaliea,  608 
(Lobelia,  271) 

To    Ie«t«n    th«    tecretion    of    the 
bronchi  (_r). 
Beiuok    ftcid,    Bemaia,    Tola 


To  relax  broitehidl  tptum  in  luthjna. 
Belladonna  and  Atropine,  SS2 
Lobelia,  271 
Nitrite  aerie*,  348 
Iodides,  508 

(Charta  potanii  nitratis,  536) 
(AqiidOBperma,  408) 

TL  DrngB  nsod  for  tlialT  eflocta  od  tlie 


^ttmulonti. 

(a)  rk«  *piiuil  eord. 
Strjehnine,  lOS 

(b)  Tht    brain    and    medvlta 

oblongata. 
Atropine  (cocaine),  282 
Camphor,  69 


Quinine,  40S 

Aconite,  365 

Salicf  lie  acid  gronp,  403 

Biaphoretica  (tee  below), 

(Bemreio,  Onaiaeol,  456) 


To  increase  the  i 
eholagog*et. 
Oi-gaU,  708 
(SalicrUo  acid,  463) 


t  the  hmrnogU^in 
Iron,  660 

Araenie,  608 


Dopretfontt. 

(a)  To    paralyse    tetuation — 
General  anatthetiet. 
Ether,  Chloroform,  Nitrons 
oxide,  155-189 
(6)   To  induce  eleep  and  reit 
— hypnotiee  or  nareatici. 
Opium  and  Morphine,  212 
Alcohol,  131 
Chloral  group,  189 
■  ■        501 


e  tJie  aOcalinity. 

AU&li  carbonate  group,  547 

Ac«tatea  and  Citratea,  557 

X.  DnsB  uwd  f  01  apecUled  iUawan. 

In  malaria. 

Quinine,  409 

Araenie,  60S 
In  typhUia. 

Uerenrj,  640 

Iodides,  SOS 
7ii  rheumatie  fever. 

Salicylates,  Salol,  468 
In  myxcedema  and  »ojm  <tfk«r  thy- 
raid  diseate*. 

Thyroid  extract,  521 
In  tryponojomtanf. 

Arsenic  (ato:^l), antimony,  621 

(Colehicum,  400) 
XL  Dinga  used  for  tbsii  affKts  on  the 


To  relieve  pain — analgesici  or 
anodyne*. 

Opinm,  212 

CauD&bis,  237 

Autipyiine  serieB,  425 

(Alcohol,  131) 

(Chloral,  189) 

(Araenie,  Iodides,  Quinine, 
Nitritea  are  sometimes 
of  value  in  headache). 


Antipyrine     and     AeetaniJJde 
^onp,  425 


Corrotivea  or  eavatiei,  723 
EmoUiente  and  proteetivei.  723 
Local  onodynet  and  anaithetiet,  7! 
Irritante. 

Turpentine  oil  group,  88 

Mustard,  91 

Cantharidea,  92 

Croton  oil,  100 

Tartar  emetic,  85 

Camphor,  60 

Menthol,  69 

Iodine,  G14 

Ammonia,  557 

(Aconite,  385) 

(Veratrine,  891) 
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Ditinfectaat  or  irritant  ointments 

HI  paratitie  skin  diteases. 
Mercury  ointment,  640 
Snlphnr  ointment,  581 
Tar,  400 
Tchthyol,  463 
Benioin,  Storai,  and  Peru  bEl- 

nin,  473 
Naphtalin  and  Naphtol,  4SS 
Besorcin,  456 
ThTinol,  455 
Fyrogallol,  4S7 
Chrjinrobia,  105 
Campbor,  69 
Boraclc  add,  6S5 
lodol  and  other  organic  iodine 

eomponnda,  521 
Organie  biamuth  preparatioiu, 

693 
Alum  preparstionH,  696 
Arsenic,  Iodide  of  PotaHsinm, 

ete.,  may  be  need  internally 

in  ildii  dioeaaea. 

Drugs  adrntniitered  internally  to  in- 
eretue  the  teeretion  of  per- 
spiration    (diaphoretics     or 
sudorifics). 
Ipeeaeoanha,  396 

and  other  natueating  ex- 
pectorants (antimon]'). 
Ipecacuanha  and  Opiiun   (Bo- 

ver's  powder},  396 
Camphor,  69 


Atropine  and  Belladonna,  282 
Agaricin,  303 

Camphoric  acid,  69 


Agfringents,  723 
Dinnfectante,  723 
Caustics,  723 
Anodynes  and  anteathetics,  723 

Drugs  dilating    the   pvpit   and   re' 
laa^ng  the  aooomnodation — 
mydriatic*. 
Atropine  and  Homatropine,  SS2 
Cocaine,   304 
(Geleeminine,  265) 

Drugs  contracting  the  pupil  and  the 
oUiary  musele — myotics. 
PhysoBtigmiue  or  Eserioe,  327 
Pilocarpine,  31B 
(UnMarlne,  318) 
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Abkasions,  Hpplieation  of  dmgB  to,  35 
Abrin,  716 
Ae«eia,  47 

AcftdS    gumtnl      47 

AGE  mixture,  17S 
Awta,  41 
Ae«tal,  128 
Acetanilide,  42S,  43S 
Acetates,  557 

of  ammonis,  560 

potumnm,  567 

aodiam,  557 


of  I 


:,  687 


Aeotia  acid,  670 

Aeetophecone,  130 

AcBtpnenetidiiinm,  436 

Aeetjlens,    128 

AeetjIphenyUijrdTailiie,  425 

Acetyballcylie  add,  442,  460 

AeidB,  3S,  562 
aeetie,  570 

acetylmlicylie,  442,  469 
ogarlcinic,   303 
aniidoo^beiiEoic,  317 
anhydride,  arseiiioiu,  622 


beotoie,  441,  473 
borasic,  686,  586 
boric,  586 
cafleotannie,  410 
cambogic,  106 
camphoric,  304 
earbunie,  129 
carbolic,  441,  449,  463 
earbosle,  587 
catbartic,  99 
eathartinta,   102 
eetrerie,  57 
ebavieie,  7S 
chromic,  697,  700 
ehryBopbanie,  102,  105 
einnamie,  442,  474 
dtric,  671 
colninbic,  S6 
creMtlnle,  442,  472 
crotoDoleic,   95 
diinUic,  114 
filfcic,  118 
flavaspidie,  118 
foriDle,  670 
gallic.  111 
galboUnnie,  114 
gambogic,  99 
gynocardic,  96 
hydrobroinls,  606 
hydrochloric,  182,  567 
hydio^anie,  246,  249 
hydrofluoric,  589 


hydroaalphiiric,  582 
lactic^   S70 
iDpnluiIc,  66,  57 
mandelic,  296,  29S 
of  methane  nriea,  129 

nitric,  567 

uitrohydrochlorie,   568 
ophelio,  67 
opianio,  235 

organic,  of  fatty  series,  670 
oamie,  702 
oialic,  410,  571 
oxybenioie,  472 
oxynaphtoic,  442,  472 
o^olnie,  298 
pannie,  118   (note) 
phoaphoric,  568 
picramie,  476 
picric^  476 

polyKalie,  403 
propionic,  128 
pnurio,  65,  246 
pyrethrie,  76 
pyrogallic,  458 
qnillajac,  403 
qninic,  410,  556 
qninotannie,  410 
qninovatannie,  410 
i^ninovie,  410 
ncinoleic,  100 


lotc) 


soEoldolie,  520 

Rozolie,  473 

■phaeelinic,  341  (nc 

nJphnrie,  567 

lalphnrous,  569 

tannic,  111,  114 

tartaric,  571 

tropic,  282 

nrochloralic,  192 
Aeoeanthera,  357 
Aeoeantberin,  3S9 
Acocanthin,  859 
Acouine,  385 
Aeonitina,  390 
Aconltinc,  385 
Aconitum,  390 

Acqnired  toleraoee  of  drugs,  88 
Actol,  692 


Adonldln,  859 
Adonlf,  369 
Adrenaline,  834,  838 


I,  7» 
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Adrenioe,  338  (note) 
^ther,  181,  183 
MtbyUa  CArbtmiu,  190 

chloridnm,  181 
Agsradn,  S03 
Agaricinic  acid,  303 
Age,  influence  of  on  dow,  26 
AgTostemma  =  npotoxin,  403 
Agurine,  2S8 
Auol,  696 


AJbaapidin,   118 
Albumiu&te  of  iron,  672 
Aiwliol,  187,  131,  147 

ftlwDlnte,  147 

amjl,  147 

botyL  147 

ethjl,  128,  131 

methyl,  147 

propyl,  128,  147 

tartiafy  iaoamyl,  128 

triclilorethyl,  192 

wood,  147 
Bobolic  pn 
Aleoliolism,  i 
AldebjdeH,   128 

eutnamie,  68 
Alemndria  Mnna,  103,  104 
Alkaloidc,  86 
Alkaml,  698 
Allspies,  65 

oil  of,  es 

Almonda,  bitter,  6C 
oil  of,  6S 

Aloea,  99,'  101,  104 

Barb&densis,  104 

Ptaryi,  104 

soeotriiui,  104 
Aloioa,  102 
Aloinmn,  104 
AlMl,  698 
Alam,  696,  697 

annnonlo-ferrie,  670 

bunt,  697 

dri«d,  697 

potaarinm,  697 
Alomininm,  696 

acetate,   698 

borotannate,  698 

borotartrate,  698 

gallate,  698 

nli^late,  608 

tannate,  698 
Alnmnol,  698 
Alypine,  316 
American  hellebore,  896 

worm-geed,  125 
Amidoeamphor,  70 
Amidoo^beDioIc  add,  317 
Amino-pTopioDate,  663 


Ammonlnra,  498 

acetate,  560     ' 

bromide,  506 

carbonate,  659 

ehloride,  mercnrie,  659 

citrate,  560 
Amygdala  dnlciB,  47 
Amygdalin,  65,  245 
Amy!  alcohol,  147 

nitria,  355 

nitrite,  350 
Amylene,  138 

hydrate,  128,  194 
Amyleni  hvdra«,  196 
Amylum,  47 
Amestheaia,   inilltTatioa,   312 

practical,  175 

regional,  313 

BDDaraehnoid,  313 
Aiuesthesln,  317 
Amesthetiei,   general,   1G5 

mixtures  of,  178 
Analgen^    425,   4S8 
Anemomn,  95 
Aneson,  129 
AnKOBtnia  bark,  57 
Annaloninm,  234 
Aniline,  36,  425 
Animal  cbareoal,  684 
Aniae,  65 

oil  of,  65 
AniMl,  441 
Aoiram,  6S 
Antegoniatlea,  80 
Antbelmintiea,  117 
Anthemia,  65 

Anthracene  purgativea,  101 
AnthraqninoBe,  102 
Antiarion,  369 
Antiaris,  367,  359 


tartarated,  689 
Antinoaine,  620 
Antipyretiea,  425 
Autipyrina,  436 
ADtipyrlne,  4S5,  428,  436  ' 
Antiaeptie  liquor,  586 


of  a. 


matie  ■ 


I,  441 


carbonate  of,  567 
AnunoniaeiuD,  91 
Ammonlo-ferrie  alum,  670 
nilphate,  670 


Antitetanus  s 
Antithermine,  42S 
AntltoxinB,  712 

diphtheria,  713 
Antivenin,  715 
Apalaehe  tea,  251 
Aperients,  97 
Apocodeine,  241 
Apoeynatnarin,  359 
Apoejrnom,  859,  376 
Apolyrine,  426 
Apomorphine,  240 
Aqua  regia,  568 
AqoB,  40 

of  TolatOfl  oDb,  67 


Di.lzerb.GOOgle 


AqBeoiu  preparatloDi,  40 
Amrobft,  105 
Aibatin,  7ft 
Aree*  nnt,  122 


Arg7Tol,  6S2 
At^«.  40» 
AriatoehiD«,  420 
Arirtal,  620 
AriatoloehiiM,  5S,  67 
Arnica,  6S 
Axomatie  elixir,  66 

■pirit  of  luHtshoni,  568 
AnheDal,  621 
Anaeetin,  622 
Araeuie,  60S 

eomponDda,  organic,  621 

•ulpbnr  compounds  of,  620 

white,  622 
Arseniona  acid,  609 

anhydride,   622 
Araeniuretted  hydrogen,  620 
AraeDopheiiylglyeiii,  622 
Aiaenona  acid  anhydride,  622 
Artemidu,  12S 
Amfetida,  77 
Anfatida,  77 

oil*  o^  76 
Aaeptol,  473 
Aipidimin,  118,  119 
Aipidm,  118 
Aspidinol,  118 
Aepidium,   118,  119 
Aapldoeamiiie,  408 
Aapidoaperma,  408 
Aq>ida«permatine,  408 
Aipidoepermine,  408 
A^iiatn,  44S,  469 
AttrinMuta,  vegetable,  111 
AtoiyC  621,  622 
AtTopa  tnkndTagoTa,  288 
Atropamine,  E82 
Atropina,  298 
Atropine,  283 
AtroBCine,  282 
Attar  of  rosea,  65 
Aaraoti  eo^^ex,  65 
Aznlene,  69 

Bael  fruit.  57 
Balsam,  38,  474 

of  copaiba,  78 

gnrjan,  79 

of  Peru,  475 

of  Toln,  475 
Barbadoea  aloes,  102,  104 
Barbaloln,  102 
Barberry,  67 
Barinm,  579 
Barley,  48 
Bearberry,  80 
Rebeerine,  57 
Beberine.  57 
Beers,  131.  148 
Beetlea,  OS 


Bellatropine,  282 
Bengal  quince,  57 
Beniaeonine,  385,  389 
Bennldehyde,  65,  68 


Bemanilide,  425 

Benxene,  441,  477 

Benzoate  of  mmcniT,  C59 

Benioic  acid,  441,  473 

Benaoin,  474 

BeoEoinated  lard,  49 

Benzol,  441,  477 

Benionilphiiiidiiin,  54 

BensoTl-eegonlse,  SOS,  818 

fienzyimorphine,  223 

Berberioe,  54,  56,  57 

Berberis,  57 

Berylliam.  497  (note),  697 

Beta-eueaine,  316 

Beta-napbtol,  459 

Betol,  442,  467 

Bhang,  237 

Bibeiine,  57 

Bicarbonate  of  potanium,  5SS 

of  Bodinm,  552 
Biehromat«  of  potaarinm,  700 
Bile,  708 
Birch,  sweet  oil  of,  442,  468 

volatile  oil  of,  65 
Biamath,  693 

creaolate,  696 

dithio-Mlieylate,  696 

o^oarbonate,  655 

o^iodide  gallate,  696 

o^nitnte,  695 

ozysalieylate,  695 

pheuolate,  ^6 
Biting  atoneerop,  76 
Bitter  almond*.  65 
oil   of,  65 

oraoge  peel,  65 
Bitten,  38 

simple,  54 
Bittersweet,  404 
Blackberry,  116 
Black  draiu^ht,  103,  104 

drop,  225 

mustard,  01 

nightshade,  404 

pepper,  76 


pepper, 


d'f  pills,  670 
BlaiiDe  star,  403 
BleaehLig  powder,  690 
Blistering  collodion,  94 
Blood,  672 
Bloodroot,  233,  234 
Blue  mass,  367 


pill,  657 
^•napfatol,  nlicylate  of,  448 
^Baphtolate,  686 
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BoDC  black,  6S4 


:,  710 


Boneie  acid,  689,  566 
Boral,  699 
Borax,  S86,  586 
Boric  acid,  586 
Bomeo-campbor,  60,  73 
Bonieol,  69,  73 
Bomjlamine,  70 
Borogljcerin,  588 
Bnodf,  69,  147 
Brejera,  120 
Bromal,  195 
BromateB.  532 
BromdietQjlscetamide,  129 
Bromelin,  707 
Bromide,  501 


of 


506 


of  ealeiam,  506 

ethy],  130,  179 

athjlene,  179 

at  litbium,  506 

of  potsflainm,  501 

of  Bodiam,  506 

of  stroDtioin,  506 

of  zine,  687 
Bromine,  589 
Bromoform,  130,  IM 
Bromoformum,  106 
Broom  topa,  270 
Brown  mixture,  48,  225 
Bnicme,  198,  206 
Baehu,  80 
Buckthorn,  104 
BufoDin,   358    (note) 
Bafotaliu,  358  (note) 
Burgundy  pitch  plaster,  722 
ButyehlorKl  hydras,  106 
Buni  alcohol,  147 

chloral,  12S,  194 
Buxine,  54   55,  57 

Cacao,  251 

Caeao-butter,  721 

CaeheU,  42 

Cade,  oil  of,  460 

Cadmium,  701 

Qeainm,  497 

Caffeine,  B50,  258 

Caffeotannie  acid,  410 

Cajapnt,  oil  of,  66 

Calabarine,  198,  327 

Calcium,  571 
bromide,  506 
chloride,  577,  590 
hydrate,  577 
hypochlorite,  690 
hypophosphite,   537 
laetophosphate,  579 
peroxide,  SOS 

Calomel,  667 

Calnmba,  56 

Calx.  577 

mlphorata,  582 

Camboffia,  108 

Oambogie  add,  106 


Camphor,  69,  804 

laniel,  73 

monobromated,  70,  73 
Camphoric  acid,  304 

Camphorol,  70 
Canadian  hemp,  357,  376 
Canadine,  54,  235 
Cane  aagar,  63 
Cannabin  tannate,  239 
Cannabinol,  238 
Cannabinon,  230 
Cannabis  Indiea,  237,  239 
Cantbaridin,   92 
Cantbarides  plaster,  94 
CaothariB,  03 
Capsaicin,  75 
Capaiel  fructus,  76 
Capncin,  75 
Capneol,  75 
Capsicum,  75,  76,  06 
Capsules,  42 
Cub  way,  65 

oil  of,  65 
Carbamic  acid,  129 
Carbolate  of  mercury,  659 
Carbolic  acid,  441,  449,  453 
Carbonate,  547 

of  ammonia,  567 

of  ammoniam,  659 

ferrous,  saceharated,  670 

gnaiaeol,  441,  461 

of  litbium,  552 

of  magnesiam,  639,  544 

of  potassium,  552 

of  sodium,  552 
Carbonic  acid,  587 
Carbylaminea,  246 
Cardamom,  66 
Cardamomum,  66 
Cardol,  93 
CarminatlvBi,  60 
Carolina  jasmine,  268 
Carragheen,  48 
Carron  oil,  578 
Carrum,  65 
Caryophyllua,  65 
Caaea  bark,  357 
Cascara,  101 

sagrada,   104,   lOS 
Castile  soap,  721 
Castor  oil,  96,  98,  100 
Cataplasma  kaolini,  721 
Cataplaamata,  42 
Cathartic   acid,   99 
Cathartics,  97 

saline,  538 
Cathartin,  102 
Catharttnic  add,  102 
Catecha,  114 
Caustic.  lunar,  691 

mitigated.  691 

potash.  552 

■oda,  552 

toughened,  601 


CelaodiDe,  238 


,r.b.GOOglC 


732 


408 


Cephalantliui,  1T7   (note) 
CephoBllne,  896 
Cent  flava,  SI 
Centa,  42 

Cerate,  Gonlaid's,  680 
Ceratea,  42 
CeratDin,  51 
Cerberin,  3S9 
Cerens,  357  (note) 
Ceriiim,  703 
CetaCflnm,  61 
Cetraria,  48 
Cetraric  aeid,  67 
Cetrarin   65,  67 
CeradiUue,  391 
Cevadine,  3S1 
Chalk,  678 
Cbal^beato  pilb,  670 
Chamelinium-Bapotoxi 
Chamomils,  65 
Champagne,  148 
Charas,  237 
Charcoal,  584 
Chartee,  42 
Chaulmoogrs  oil,  96 
Chavicie  aeid,  76 
Chavicine,  75 
Cheirantbiii,  365 
CheirantfaaB,  859 
CheleiTtbruie,  833,  234 
Chelidonine,  233,  234 
Cbenopodinm,  1S5 
Chenywatei,  69,  148 
Chill  saltpetre,  536 
Cbillea,  76 
Chimapbila,  80 
Chimaphilin,  SO 
ChiuapheDiDe,  420 
Chinotropine,  656 
Chirata,  67 
Chiratin,  57 
ChiretU,  67 
Chloral,  129,  189 

bntyl,  129 

croton,  129,  196 

bjdrate,  129 
Chloralamide,   129,   194,   196 
Chloralfonnuiiide,  194 
ChloralfonBamldnm,  196 
Chloralose,  129,  1S4 
Chlorates,  629 
Cbloretone,  129,  195,  196 
Chloride  of  antimoD^,  639 

of  calcium,  577,  590 

of  copper,  6S4 

ethjl,  17S,  181 

ethylene.  129 

ethylidine,  129 

ferrie,  669 

sodinm,  488 


of    I 


,  687 


Chlorinated  lime,  500 

Chlorine,  589 

Chlorine  water,  690 

ChloTodyne,  183 

CbloToform,  127,  ISO,  155,  181, 188 


Chlomfonnnm,  181 
Cblorphenola,  458 
Chocolate,  251 
Cholagogves,  97,  99 
Christmaa  roK,  357 
Chromic  a«d,  597,  700 

anhydride,  700 
Chrominm,  699 
Chrysarobin,   105 
duyaarobinnni,  105 
ChiTBopbanie  acid,  102,  105 
ChiyBOphenate,  696 
Chi7Mtozin&  841  (note) 
Chnima,  237 
Cientoziii,  209 
Cinchona,  409,  418 

red,  418 
(Xnehonaniine,  400 
Cinchonidine,  400 
Cinehonine,  400 
Cineol,  122 
Cinnaldehydnm,  68 
Cinnamic  add,  442,  474 

aldehyde,  68 
Cinnamon,  65 

oil  of,  6S,  06 
Cinnamomum,  65 
Cinnamyl-eocaine,  806 
Citrate,  54S 


of 


560 


of  lithinm,  544 
of  magnerivun,  638 
of  poMasiiun,  538,  544 
of  sodinm,  544 

Citric  aeid,  571 

Citrine  ointment,  669 

Citrophen,  426 

Claret,  148 

Clarified  honey,  53 

CloTce,  65 

oil  of,  66 

Club  moee,  52 

Ctysmata,  42 

ClyBtera,  42 

ColAlt,  701 

Coea,  312 

Coeaina,  318 

Cocaine,  304 

■nbttitates  for,  316 

Coeamine,  305,  312 

Cochineal,  54 

Cocoa,  251 

Codamtne,  218 

Codeina,  226 

Codeine,  212,  222 

Cod-liver  oU,  716,  718 

Coffee,  251,  259 

Coffeon,  260 

CoU,  251 

Colchiceine,  400 

Colchieina,  402 

Colchicine,  400 

Cold  cream,  60,  67 

CotlarRol,  692 

Colloid  tnerciuy,  659 

Collodia,  41,  7^88 
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Collodion,  72S 

bliatering,   U,   722 

flexible,  722 
CoUox;Un,  722 
Coloejntli,  107 
Coloi^ntlieiii,  106 
Golden thidlB  polpa,  107 
Colocjmtbin,  106 
ColocTDthu,  107 
Colopbonj,  00 
Colmi]b&,  se 
Columbie  acid,  66 
Columbln,  S4 
Colambo,  56 
Coneiueonine,  409 
Condnraago,  G7 
Couf«ctioDea,  41 
Coitfeetiona,  41 

Congenital  tolerance  of  druga,  SS 
ContiTdrina,  265 
Coniine,  E65 
Coninm^  268 

Conquairamine,  409 
Conqninamine,  409 
Conqninine,  40B 
Convallamftrin,  359 
Convallaria,  376 
Go&volvnlin,  99,  lOS 
Copaiba,  78 

balMJn  of,  78 

oils  of,  77 
Copaiva,  78 
Copper,  682 
CoriamyrtiD,  209,  212 
Coriander,  65 

oil  Of,  65,  66 
Coriandri,  65 
Coriandrum,  66 
Corneoekle,  403 
Coragilk,   80 
Com  smnt,  349 
CoronUla,  367,  359 
CoronUliD,  S59 
Conivtine,  341  (noU) 
Corrorive  mbllmate,  656 
Cotamine,  235 
Coto  bark,  57 
Cotoin,  56,  57 
Cotton-root  bark,  849 
Cotton -seed  oil,  50 
Conch -grasB,  48 
Coueibe,  3S1 
Connter-irritation,  81 
Cnneabill,  115 
Credfi'B  colloid  silver,  692 
Creoliu,  4S5  , 
CreoMla,  441,  462 
CreoBote,   442,   461 
CresBloI,  442,  467 
Cresol,  455 

aalu^late  of,  442 
Cresotinle  acid,  448,  472 
Crotin,  716 
Croton  chlomi,  129,  194,  196 

oil,  96,  100 


Crotonoleic  oeid,  95 
CiTptopine,  213,  224 
Cabeba,   7S 
Cnbebn  fmctiu,  79 
Cnbebin,  77 
Cnbebs,  79 

oa  of,  77 
Cuprea,  409 
Ctua^oa,  69,  104 
Cnrora,  281,  264 
Curarino,  262 
Cnrine,  202,  264 
Cuscamidine,  409 
CuMamine,  409 
Cacodine,  409 
Cneonine,  409 
Cusparia,  67 
Cu^Muidine,  67 
Cn^nrine,  67 
CuBso,  118,  120 
Ontol,  698 
Cyanogen,  246 
^elamiDj  403 
Cjnoctonine,   389 
Cynotoiin,  369 
C^ripedinm,  66 


40 


Dolirinm  t 
Delphinine,  385 
Demnleents,  46 
DepreiBaine  drugs,  21 
Dermol,  Sfl 
Dextron,  66,  91 
Diaeetyltannin,  115 
Diachjlon   piaster,   722 
Diastase,  707 

Dicbromate  of  potasdnm,  700 
DidTininni,  497   (note) 
Diethfleudianiine,  556 
DiethTinalonylnrea,  129 
Digalen,  376 
Digallic  acid,  114 
Digestive  ferments,  705 
Digitalein,  358 
BigitaUD,  868,  375 
Digitalirerin,  210 
Digitalis,  367,  358,  375 
Bigitouin,  358,  404 
Digitophyllin,  36S 
Digitoxin,  368,  375 
Dill,  oil  of,  65 
Dimetbylethylearbinol,  194 
Diomine,  228 
Dionea,  707 
Biosphenol,  80 

Dio^methylantbraquinone,  102 
Diphtheria  antitoxin,  718 
Discs,  42 
Diterpenel,  59 
Dithjniol-diiodide,  S20 
IMnretine,  258 

Donovan's  solntlon,  622,  656 
Donniol,  194 
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Dover  *■  powder,  ZSS 
Drastiee,  07 
Droeera,  707 

Dru^,  17 

Action  of,  genera],  24,  81 
local,  24,  31 
mode  of,  20 
remote,  24 
administration  of,  hTpodermie,  34 
influence  of  time  on,  37 
intravenous,  35 
hj  longs,  33 
method  of,  31 
t^  rectnm,  35 
application  of,  to  abrasions,  35 
to  Hkin,  34 
to  nounds,  35 
ehemieaJ  cliaracter  of,  35 
cl&seifieation  of,  42 
eumnlative  efFecta  of,  29 
depreaainE,   21 

eSeets  of  condition!  modifyiDg,  26 
elective  afSnitj  of,  23 
irritating,  21 

relation  between  chemical  composi- 
tion and  pharmacological  action 
of,  24 
■tin  ula ting,  21 
toleranu  of,  26 
aajoired,  ES 
congenital,   28 
Duboiiia  mjoporoides,  283 
Duboisins    282 
Dulcamann,  404 
Doating  powders,  S2 

E  ASTON 'fi  ay  rap,  41 B 
Ean  de  cologne,  148 
Ecboline.  341  (note) 
■    ,  fl7 


E^onine,  282,  305,  312 

EfferveBcing  preparations,  544 

Eigon,  Sir 

Eleoptene,  69 

Elaterio,'  106 

Elaterinm,  106,  108 

Elderflower,  65 

Elective  affinity  of  drugs,  23 

Electnaries,  41 

Elemi  rodn,  61 

Elixir,  aromatic,  66 

Elixiria,  40 

Emetine,  3M 

Emodin,  102 

Emollients,  48 

Emplastra,  42 

Emulea,  40 

Emulsion,   65 

Enewata,  42 

Enzyme  of  malt,  707 

Epinephrine,  384 

Epsom  salt,  538,  543 

Erbiam.  497  (note) 

Ergot.  341.  347 

Ergotine,  341   (notri) 

Ergotinine,  341 


Ergotozine,  341 
Erieolin,  79 
Erigeron,  oil  of,  6S 
Eiythrol,  350 

tetranitrate,  355 
Erythrophlaine,  35» 
Ei7thraphlo!nin,  337 
Eserine,  327 
Eaaence  of  mint,  69 
Esters,  129 
Ether,  128,  155,  181,  182 

ethyl,  128 

snlphnric,  181 
Ethereal  oU,  183 
Ethereal  salts,  129 
Ethyl  alcohol,  128,  131 

bromide,  130,  179 

chloride,   179,  181 

ether,  128 
Ethylene  bromide,  179 

chloride,  129 
Ethylidine  chloride,  129 
Ethylmorphine,  223 
Encaine,  316 
Eucalypti  gummi,  115 
Enealyptol,  456 
Encalyptos,  65 

oil  of,  65,  66 
Eudozin,  696 
Endoxine,  520 
Eugenol,  68 
Eumydrin,  296 
Euonymi  eortex,  108 
Euonymin,  106,  359 
Enonymus,  106,  108,  359,  376 
Euphorbin,  95 
Euphorine,  426 
Euqninine,  420 
Europhen,  520 
Eialgine,  425,  436 
Exodin,  105 
Extracta,  41 

liqnlda,  40 
ExtraeU,  41 

Pehhel,  65 

oil  of,  66 
Ferments,  706 

digestive,  705 

pancreatic,  706 

vegetable,  707 
Ferratin,  672 
Ferric  chloride,  669 

hydrate,  671 

hydroxide,  671 
Ferroua  carbonate,  saceharated,  670 

solpbate,  670 
dried.  670 
recrystaUiied,  670 
Fermginons  pills,  670 
Ferala,  76 
Figs,  53,  707 
Filicie  add,  118 
Filix  mas,  119 
Filmaron,  118 
Flavaapidie  acid,  118 
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FlATaapidinin,  118 
Flavonmg  mlutaaees,  53 
Flaxseed  oil,  50 
Fleabane,  oil  of,  05 
Flovera  of  aulpbar,  5S3 
Fluidextracta,  40 
Fluid  extracts  of  volatile  o 
Fluorides,  S28 
Fljiiig  blister,  S4 
Fmuieulum,  65 
Formaldehyde,  478 
Formalio,  47  S 
Formamide,  659 
Formic  acid,  S70 
Fowler's  solution,  622 
Frangrula,  101,  104 
Frangulin,  102 
Friar's  balsam,  474 
Fuller  '■  earth,  52 
Furf  urol,  147 
Fusel  oil,  147 

Galbanvu,  91 
Oalipidine,  67 
Oalipine,   57 
OatU,  lis 
QalUI,  698 
OalUe  acid,  111 
Oallotannic  acid,  114 
Qambir,  114 
Gamboge,  106,  108 
Oambogic  acid,  99 
Ganja,  237 

Oelsemine,  196,  £66,  269 
Gelseminine,  265,  268 
Gelsemium,  268,  269 
Gentian,  S6 
GeranJam,  115 
Gin,  69,  147 
Ginger,   66,   75 

oi]  of,  65 
GlandulB  snprarenalet  aieea 
Glauber's  salt,  G3S,  543 
Glueosides,  37 
Glnsidnm,  64 
GljceriD,  51 

euppoaitories,  61 
Glycerina,  41 
Glycerines,  SI 
Olycerita,  41 
Glycerite,  61 
Glycol,  128 
Gljcyrrhiia,  48 
GlycyrrhiziB  radii,  48 
Glyeyrrhiwn,  48 
Gnoseopine,  213 
Goa  ponder,  106 
Gold,  69B 
Golden  seal,  235 
Gorit,  696 
Goulard 's  cerate,  680 

extract,  679 

lotion,  680 


Gray  oil,  658 

powder,  657 
Greea  bcllsbore,  396 

iodide  of  mercury,  657 
Griffith's  mixture,   670 
Gnaiacol,  441,  462 

carbonate,  441,  4G2 
Guaiacolsalol,  46S 
Guaiacum,  90 
Quarana,  261,  258 
Gum,  38 

arable,  47 

red,  116 
Oum-redns,  38 
Gun  cotton,  soluble,  722 
Gnrjnn  balsam,  79 
Oynocardie  acid,  96 
C^psophila-sapotaxii],  403 
Gypsum,  dried,  722 

Hauatoxyun,  115 
Hsmoglobin,  672 
Hamamelidis,  115 
Hartdiarn,  aromatic  spirit  of,  55S 


Has 


I,  237 


Hedeoma,  66 
Hedonal,  129,  194,  196 
Hellebore,  American,  396 

green,  396 

white,  396 
Helleborein,  369 
Helleborin,  359 
Hemlodc,  265 
Henbane,  283 
Heroine,    223 
Heterozanthine,  251 
Heiamethylenamine,  4  SO 
Hook,  148 

Hoffmann's  anodyne,   183 
Homatropine,  263,  296 

discs.   298 
Homoebeliilonine,  233,  234 
Homocinchonidine,  409 
Homoeoeamine,  305 
Homoisococamine,  805 
Hooey,  53 
Hops,  67 
Hordeum,  48 
Horehound,  66 
Horseradisb,  75,  76 

oil  of,  66 
Humnlns,  57 
Hydragogues,  97 
Hydrastlna,  236 
Hydrastine,  235 
Hydrutinine,   236,   236 
^drastis,  236 
Hydrate.  647 

calcium,  6T7 

ferric,  671 

terpin,  89 
Hydrobromic  acid,  506 
Hydrobromide  of  hyesdne,  298 
Hydrochloric  add,  182,  667 
Hydrodncbonine,  409 
Hydrocotaraiue,  213,  223 
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ErdroeTKDie  vAi,  Btii,  MO 
Hydrofluoric  add,  S89 
Bjdrogsn  usaiiiiuatted,  680 

dioxide,  S93 

peroxide,  S93 

pbosphoretted,  606 

■ulphide,  682 
Hydroquinidine,  409 
^droqniniite,  409 
Hjdroquinone,  441,  4S6 
Hrdnwulphnne  acid,  582 
B/drooa  wooJ-f  at,  50 
Hydroxide,  ferric,  671 
HydroxTpbeD^letnTlMiiiM,  341 
Eroscine,  282,  295 

liydrobromido   of,  898 
HjoMfuiuiie,  282,  294,  £98 
^OSQ«miu,  297 
Hypertome  Mlntion,  4S4 
Hypnal,  425 
Hypnone,  129 
Eypoeblorite  of  ealcimn,  S90 

of  soda,  590 
Hypodermic  injeetiona,  84 
HypophoflpliiteB,  537 
HypoquebraeUne,  408 
Hypotonie  aolution,  484 
Hyrgol,  659 

Iceland  moag,  48 

lehtbyol,  462 

IdiosyncraaiM,  28 

Ilex,  Paraguay,  251 

India  aeima,  103 

Indian  hemp,  239 

Infiltration  anKStheeia,  312 

Infosa,  40 

Infusions  of  volatile  oils,  68 

Inglnvin,  707 

IntestineB,  irritation  of,  influence  of,  < 

iiaga,  27 
latravenooa,  injectioiw,  35 
lodaJbomin,  G26 
lodatea,  532 
Iodide,  508 

of  mereuiy,  green,  657 
red,  656 
yellow,  657 

of  zinc,  687 
Iodine,  614 

linimeDt,  516 
lodipin,  517 
loaoform,  617,  520 
lodol,  620 
lodolen,  517 
lodomougin,  626 
lodotbyrin,  522 
Ipecacnanba,  396,  398 
IriBh  moss,  46 
Iron,  660 

slbnmlnate  of,  672 

peptonste  of,  67  S 

reduced,  670 

winea  of,  672 
Irritating  drugs,  21 
Isoatnylwinice,  341 


laoeoeamine,  808 
leonitrUet,  246 
laophyBosti^ndiie,  327 
Isopiloearpme,  318 
boprnL  129,  195,  196 
Isoponieine,  121 
leoqainoline,  36,  268 
Isotonic  solution,  484 
Itrol,  692 


Jalapa,  107 
Jalapin,  106 
Japaconine,  385 

Japaeonltine,  385 
Javelle's  solution,  690 
Jerrine,  391 
Jesuit's  drops,  474 
Juniper,  oil  of,  65,  89 

KuBiNE,  425 

Kairoline,   426 

Kamola,  122 

Kamaline,  122 

Kaolin,  52 

Eaolinnm,  721 

Kara  Eava,  76 

Keratin,    721 

Kermes  mineral,  639 

Ketones,  129 

Eino,  115 

Kirsehwasser,  69,  148,  246 

KolK  nut,  2S1 

KoMtoxin,  120 

Koiism,  120 

Kiameria,  114 

Eiyoflne,  426 

Kummel,  69 

LuABKiquB's  solution,  590 

lactates,  557 

Lactation,  medication   dnring,  27 

Lactic  acid,  670 

Laetophenine,  426,  428,  436 

lACtophospliate,  calcium,  579 

lactose,  53 

Laetucarium,  239 

Lactueiji,  239 

Idctueon,  239 

Id^y  's  slipper,  65 

Lamelln,  42 

Lafiolin,  50 

Lantbannm,  497   (note) 

Lanthopine,   213 

Lappaconitine,  389 

Lard,  49 

benzoinated,  49 

oil  of,  SI 
LarriD,  692 
Laudanine,  213,  224 
Landanosine,  213 
Laudanum,  226 
Laughing  gas,  185 
Laurel,  245 

eampfaor,  73 
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Lavender,  oil  of,  6G,  S6 
Laxatives,  97 
Lead,  673 

.  acetate,  679 

plaster,  722 

Hugar  of,  673,  677 

water,  680 
Lemon,  oil  of,  65,  66 

peel,  6S 
LettuM,  £39 

Lily  of  the  valle?,  357,  378 
Lime,  571 

chlorinated,  590 

liniment,  578 

Blacked,   677 

Btacvation,  S73 

BQlpbnrated,  582 

^yrup  of,  578 

onslaeked,  577 

water,  G77 
LimoniH  cortex,  65 
Liuimenta,  41 
Linseed,  ^ 

oil,  60 
LlqDores,  40 

Doacentrati,  40 
Liquorice  root,  48 
Litbiam,  497 

bromide,  506 

carbonate,  552 

citrate,  544 
Liver  of  BDlphnr,  583 
Lobelia,  279 
Lobeline,   271 
Lo^ood,  115 
Loretin,  520 
LoBopban,  520 
Lotlones,  40 
LozeDffes,  41 
LngoMa  ioIntioD,  516 
Lunar  eauBtic,  691 

Lnnga,  administration  of  drags  hj,  : 
Lnpnlin,  57 
Lnpnlinie  aeid,  56,  57 
Ljcaeonitlne,  390 
Lycetol,   556 
LTsidine,  556 
Ljsol,  455 

Maoistebium  bismuth,  695 
Magnednm  carbonate,  530,  544 

citrate,  538,  543 

oxide,  538,  544 

salts,  542 

sulphate,  538,  543 
Mabikine,  420,  430 
Uale  fern,  118,  119 
Uallotoxln,   123 
Ualodorous  volatile  oils,  76 
Malonates,  561 
Malt,  63 

enzTme  of,  707 
Maltnm,  53 

Mandelic  acid,  296,  S98 
Mandragora,  2  S3 
Mandragorine,  281) 
^     47 


Mandrake,   283 

Manganese,  700 

Manna,  53 

Mannitol  hexanitrate,  350 

If  arsschino,  246 

MajTubium,  65 

Marsbniallow  root,  48 

Massn,  41 

Maraes,  41 

Materia  Medica,  definition  of,  19 

Matico,  79 

Matricaria,   65 

Meals,   influence   of,  on   dose,   27 

Meebanical  remedies,  721 

Meconidine,  218 

Mel,  53 

boraeis,  40 

MelliU,  40 

Menispermine,   54 

Menstrua,   721 

Menstruation,  influence  of,  OJi  drngs,  27 

Mentbffi,  65 

Menthol,   69,  73 

Mercurie  ammonium  chloride,  659 

nitrate,  solution  of,  659 

oxide,  red,  668 
yellow,  658 
Mercury,   640 

alanin,  659 

bemoate  of,  655 

carbolate  of,  659 

colloid,  659 

iodide  of  green,  657 
red,  656 
yellow,  657 

oleate  of,  658 

plaster,  658,  722 

salicylate  of,  659 

BOEoiodolate  of,  659 
Metadinitrobenzol,  476 
Metadioxylbenzo],   457 
Metals,  heavy,  627 

absorption  of,  631 
excretion  of,  631 

minor,  698 
Methane,  129 
Methyl  alcohol,  147 
Methylal,  128 
Methylarbntin,  79 
Methylatropine,  296 
Methylconiine,  265 
Methylcurine,  264 
Methylene  bine,  478 
Methylsalicylate,   442 
Mezeal  buttons,  234 
Mezerein,  95 
Milk,  sugar  of,  53 

of  sulpbur,  683 
Mindereus,  spirit  of,  660 
Mint,  essence  of,  69 
Mistnrs,  40 
Molybdenum,  708 
Monobromated  camphor,  70,  73 
Monochlorphenol,  441 
Monsel's  sohidon,  670 
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MorpUna,  225 
Uorphine,  212 
Uorpholine,  21S 
Hnairiiie,  360 
Uncil^ineEi,  40 
Hnriatie  acid,  568 
Unrcale,  234 
Muscarine,  3  IS 
MuBk,  74 
Mnstard,  91 

black,  91 

white,  91 
Mntton  suet,  CO 
Myoctnnine,  390 
IfTriatiea,  65 

l^TOdb,  91 

MvTTb,  91 
MyrrhB,  91 

Napbtalene,  459 
NaphtaHn,  441,  458,  45S 
Napbtalol,  467 
Naphthol,  458,   459 
Naphtol,  441,  4S8,  459 

SQlphoDate  of  aluminiuni,  698 
Naphthylamine,   477 
Nareelne,  213,  223 
Nareotici  of  methane  series,  1S7 
Narootine,  213,  223,  235 
NectandrEc  cortex,  57 
Neriin,  359 
Neriodoria,  359 
Neriam,  357,  359 
NeoTodioe,  420,  436 
Neuronal,  129,  195,   196 
Neai-eamphor,   69 
Niekel,  701 
Nicotine,  271 
Nitrate,  534 

□f  silver,  691 
Nitre,  535 
Nitric  acid,  567 

esUTs,  340 
Nitriles,  246 
Nitrite,  349 

of  amyl,  349 

of  potaniiim,  354 

of  sodium,  349,  354 
NitTobenEol  eompoonds,  476 
Nitioetliane,  350 
NitroKljcerin,   349,   SE4 
Nitrobjdrochlorie  acid,  56S 
Nitromethane,  350 
NitrouB  estera,   349 

oxide,  1S5 
Nosophen,  520 
Novocaine,  316 
Nat-gaU,  115 
Nntmeg,  65 

oil  of,  65 
Noz  Tomlca,  19S,  207 

OCTAKB,  128 

<Eiiai]thiD  ethers,  148 
(Enanthotozin,  209 


Oils.      See  Olenm. 

of  birch,  nreet,  442,  4«S 

of  cade,  460 

caiTon,  578 

cotton -aeed,  60 

flaxseed,  50 

gray,  658 

lard,  61 

JiDseed,  60 

olivo,  50 

purgative 


of  t 


,  460 


77 


tnalodonnis,  76 

of  irintergreen,  442,  i 
Ointment,  42,  50 

bine,  658 

dtrine,  659 
Oleander,  357 
Oleandresin,  210 
Oleandrin,  359 
Oleata,  42 

Oleate  of  mereorjr,  658 
Oleoredna  dngibeiia,  65 
OleoreHina,  3S 
Olenm  amjgdals  amam,  fl 

aneth),  65 

anrantii  eortteis,  65 
betoln  volatile,  65 
cajnpiiti,  65 


,  65 

coriandri,  65,  66 
crotonis,  100,  101 
erigerontis,  65 
enealfpti,  65,  66 
fffinici^i,  65 
gaultherin,  65 
bedeoQue,  65 
juniperi,  65,  SO 
lavandnls,  66 
lavandulfe  flonim,  S5 
limonis,  66 
limonis  eorticis,  65 
menths  piperita,  65,  66 

viridis,  85 
myriBtiee,  65 
phosphoratmn,  607 
piineDtffi,  65 
pini,  89 
ridni,  100,  101 

Tosm'arini,  65,  66 
sabins,  65,  89 
santali,  79 
sassafras,  65 
sinapis  volatile,  92 
terebinthioB,  89 
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01«iun  theobromatia,  721 

thTud,  66 

tiglii,  100,  101 
Olive  oil,  50 
Oophorin,  711 
Ophelia  acid,  S7 
Opianie  add,  235 
Opium,  212   22S 
Orange  peel,  65 

oil  of,  65 
Orexine,  66 

hfdrocMoTate,  57 
Organio  acida  of  fattj  seHea,  670 

arBenic  compomidB,  621 

■ubstaneea  uaraeterized  chiefly  bj 
their    action    after    abeoip- 
tioD,  127 
characterized    bj    their    local 
action,  46 
Orphol,  696 
Onnment,  60S 
Onhoforma,  317 
Oseine,  282 
Oanic  acid,  70S 
Onnotie  preosnre,  484 
Otto  of  rosee,  65 
Oaabain,  369 
Onabaio,  357 
Ovary,  extract  of,  711 
Ozalatea,  560 
Oxalic  acid,  410,  571 
Oxazine,  36 


Ox 


.pOl, 


700 


1,  538,  544 

mercuric,  red,  658 
yellow,  668 

nitrons,  186 

of  doe,  687 
Oxyhennde  acid,  472 
Oxydicolehleine,  402 
OxyiUmorphine,  223 
Oxygen,  591 
O^mel,  40 

Kills,  40 
Oxynaphtole  acids,  442,  472 
Ozynarcotine.  213 
0:^lnie  acid,  298 
Otone,  593 

Pakaua  bark,  407 
Pancreas.  710 
Pancreatic  fermenta,  706 
Panereatin,  706 
Pannie  acid,  118  (note) 
Papain,  707 
Papaveramine,  213 
Papaverine,  213,  223 
Papayotin,  707 
Papers,  42 
Papoid,  707 
Paiaeotoin,  56 
Paraffin*,  50 
Paraform,  479 
Paraguay  tea,  261 
Paraldehyde,  128,  I9S 


Paraxanthine,  261 

Paregoric,  73,  225 

Paroim,  67 

Parillin,  403 

Pathological  conditions  modifying  d 

30 
Pawpaw,  707 
Paytanine,  408 
Paytine,  408 
Pearson's  solntion,  622 
Pelletieriiue  tannas,  121 
Pelletierine,  121 
Pellitory,  75 
Pellote,  234 
Pellotine,  235 
Pennyroyal,  66 

oU  of,  65 
PenUt,  128,  179 
Pentiute,  128 
Pepo,  122 
Pepper,  75 

black,  76 

cayenne,  75,  76 
Peppermint,  65 

oil  of,  65,  66 
Pepsin,  706 
Peptonate  of  iron,  672 
Perehlorates,  532 
Permanganate  of  potaniom,  G96 
Peronlne,  223 
Peroxide  of  ealeinm,  596 


Petrolates,  50 

Petrolatum,  50 

Petroleum,  50 

PeyoU,  204 

Pharmacognosy,  definition  of,  19 

Pharmacology,  definition  of,  17 

Pharmacopmial  preparations,  38 

Pharmacopceias,  38,  39 

Pharmacy,  definition  of,  19 

Pheamnt'H  eye,  357 

Phenaeetine,  426,  428 

Pbenaeetinnm,  436 

Pbenazone,  436 

Phenazonnm,  436 

Phenetol,  441 

PhenocoU,  426,  436 

Phenol,  441,  449,  453 

Phenyldimethylpyraiolon,  435 

Phenylhydrazine,  426 

Phenyl  salicylate,  468 

PMoriddn,  719 

Pbosgen,  183 

Phosphate,  543 

of  sodinm,  643 
Phosphoric  acid,  568 
Phosphoma,  697,  607 

sesqaisiilphide,   599    (note) 
Phospburetted  hydrogen,  606 
Physostigmine,  327 
Phytolacca,  212 
I'tq^laceotozin,  209 
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Pienmle  add,  476 
Pieiie  kcid,  476 
PieroacuDitine,  385 
Pieropodopb^lliii,  106 
Picrotin,  209 
PierotoziD,  209,  812 
PiCTotonnin,  209 
Picrotoxiouin,  212 
PiUa,  11 

Blaad'R,  S70 

blve,  6S7 

ehaljbeste,  670 

ftmi^ous,  670 

Plnmmer'i,  639 
PUcMtarpidine,  318   (note) 
PUoearpioe,  318 
FUuIb,  41 
Pimanta,  66 
Pine-apple,  707 
Piper,  76 

metliiitieunL,   76 
PipeiBziiie,  556 
Piperidine,   75,   265,   267 
Piperine,  75 
Piperinio  acid,  75 
Pipsiflaewa,  80 
Pituitar;   bodj,   340 
Pitnrine,  271 
Pkcters,  42,  721 

adhedTe,  00,  722 

belladoiiDa,  722 

fiurtnindT  piteh,  722 

eanthariaea,  04 

diachylon,  722 

lead,  722 

mereuT/,  658,  722 

K>ap,  722 

wsiming,  93,  722 
PlatiDum,  eSo 
Plummer'a  pills,  689 
Podophylli  rhicoma,  107 
Podophyllin,  107 
Podopbvllotoxiii,  09,  106,  lO; 
Podopfayllnm,  99,  106,  107 
Poison,  17 

ivy,  95 

oak,  95 

protoplaein,  23 
Pol^galic  acid,  403 
Pomegranate,  118 

bark,  lEl 
Porcelain  clay,  721 
Port  wine,  141 
Potasaiom  acetate,  S57 

alum,  697 

bicarbonate,  552 

bichromate,  700 

bromide,  501 

carbonate,  552 

chlorate,  529 

citrate,  638,  544 

dichromate,   700 

hydrate,  552 

b^opboBpbite,  537 

mtrate,  535 

nitrite,  SH 


PotaMum  permanganate,  596 

peraulphate,  596 

(BlU,  496 

nilphnrated,  5S3 

nilpbate,  543 
Potato,  404 
Poultices,  42 
Powdera,  41 

dusting,  52 

gray,  657 
Pr^nan^,  influence  of,  on  ilmg^  27 
Propionic  acid,  128 
Propyl  aleohoi,  128,  147 
Prot&rgol,  692 
Protocurarine,  262 
Protoeuridine,  262 
Protoeiuiae,  262 
Protopine,  213^  224,  2S3 
Protoplasm  pouoDB,  23 
Protoveratridine,  381 
Protoveratrine,  391 
Pmnea,  53 

Pmnns  Virginiana,  65 
PniBsic  acid,  65,  245 
Pseudaeonine,  385 
Pseudo-hyoscyamine,  282 
Pseudojerrine,  391 
PBendo-morpUne,  212 
Paeudo-stropliaiitiiin,  369 
Fsycbotrine,  396 
Ptomatropine,  283 
Pulveres,  41 
Polvis  aromaticoB,  68 

dnnamoui  compositiu,  6S 

efferreacena  eompoaitDs,  544 

sodte  tartarate,  544 
Pumpkin  seed,  122 
Pumicine,  121 
Purgation,  105 
Purgative,  antbraeene,  101 

oils,  100 

vegetable.  96 
Purging  Cassia,  53 
Purple  foxglove,  357 
Pustnlants,  81 
Pyoetanice,  478 
l^rethric  aeid^  75 
^rethrine,  76 
I^rethmm,  75 
Iodine,  36,  285,  267 
I^rocateehin,  441,  456 
^rodine,  425 
[^'rogallic  acid,  458 
PyrogaUol,  441,  467,  458 
I^TTOl,  86 

QUAIKAMIDINI,  409 

Qnairamine,  409 
Quassia,  56 
Quasdins,  64 
Qnebrachamlne,  408 
Quebrachine,  408 
Quebracho,  408 

Quillaja,  407 
Qnillaja-aapotoxin,  403 
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Qnlllftjie  add,  40S 
QoiiuuDiiie,  409 
QniitM  OMda,  48 
QniDio  acid,  410,  556 
Quinidiite,  409 
Quinine,  409 

laeUte,  4S0 

tannate,  420 

tartrate,  420 
QninoUne,  96,  268,  425 
Quinotannie  aeid,  410 
Qninavatannla  acid,  410 
Quiuovle  acid,  410 

Batbbam%  622 

Baalgat,  S08 

Beel^led  q>irit,  147 

Beetum,  adminutration  of  drngi  bj,  i 

Bed  einehona,  418 

Knm,  lis 

iodide  of  mercoiT',  6SS 

mereurie  oxide,  058 

wine,  148 


Regional  ansatheaia,  313 
B^iijia,  409 
Besin,  37,  90 

of  jalap,  99 

of  Beaminoiij,  09 
Bedoa,  90 
BewpTTine,  425 
BeaoreiD,  441,  456 
Basoreinol,  457 
Hhamnna  parabiana,  104 
Bhatany,  114 
Bhei  radix,  lOS 
Bhemn,  103 
Rbcsadiue,  213 
Bhvbarb,  99,  101,  108 

root,  103 
Eido,  715 
Bicinoleic  add,  100 
BodieUe  salt,  538,  543 
Boaa,  65 
Bom  petals,  65 
BoBonary,  oil  of,  66,  66 
Boaee,  oU  of,  65 
Bottlerin,  122 
Rabefadenta,  81 
Bnbidiom,  497 
Bubijervine,  391 
Bnbos,  115 
Btini,  69,  147 

Sabadiluhe,  391 

Babadine,  S91 

Babadinine,  391 

Sabina,  65,  80 

Sabromice,  506 

Saecharated  f  errona  carbonate,  670 

Saeebaridea  37 

Saediarin,  64 

Baecbanim,  58 

Saffron,  54 

Safrol,  68 

Safroltim,  68 


Saee,  65 

Sajodin,  517 

Sal  volatile,  spirit  of,  S58 

Salicin,  46S 

Salicylate  of  ^-oapbtol,  442 

of  eresol,  442 

of  mercurj,  659 

of  potaaaium  and  aluminum, 

of  aodium,  442 

of  thymol,  442 
Salic/Ue  add,  441,  463,  468 
Saline  catbartica,  63S 
Saliphen,  426,  436 
Salipyrins,  425 
Salitbjrmol,  442 
Salocoll,  426,  436 
Salol,  442,  467,  468 
Salophsn,  426,  436 
B&lt-aetion,  483 
Saltpetre,  535 
Salumin,  698 
Balvea,  42 
Salvia,  65 
Samandaridine,  210 
Samandarine,  210 
Sandalwood,  oil  of,  77,  79 
Ban^inaria,  234 
Saugoiuarine,  233,  284 
Santalal,  77 
Bantolol,  77 
Santonin,  118,  122 
Santo  nible  acid,  122 
Santouinam,  124 
Saponin,  403 
SaponibiD,  403 
Sapotoziii  403 
Barsaparilla,  407 

nponin,  403 
Saraaponin,  403 
Saaaafras,  48,  65 

oil  of,  65 
Sany  bark,  857 
Savine,  65,  89 

oil  of,  65 
Seammoniffi  radix,  107 
I,  107 


Scarlet  pimpernal,  707 
Bdlla,  375 
Sdllatn,  359 
Sdllotoxin,   376 
Seoparia,  270 
Scopariua,  270 
Scopola,  297 

atropoidea,  283 
Scopolamine,  282,  295,  298 
Bcopoleines,  263 
Scopoline,  282 
Scurvy  KTasa,  75 
Seealintoxine,  341  (nota) 
Seeretiona,  705 
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